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XIII 
The Pupil 



141. The Normal Reactions of the Pupil, the Tracts Followed by 
These Reactions, and the Method of Examination 

It is necessary for the physician to take note of the phenomena exhibited 
by the pupils in many diseases, not only of the eye, but also of the central 
nervous system, and of the internal organs. It is also necessary that he should 
be familiar with the normal conditions in order that he may be able to recognize 
pathological changes when present. For these reasons I shall give a brief 
review of this subject, and will begin with the examination of the normal pupil. 

L Form and Physiological Size of the Pupil and the Factors by Which 

They Are Influenced 

Normally the pupil is round, but slight deviations from this form may be 
met with under physiological conditions. Thus it may appear to be not 
perfectly round in ectropium uvea;, when the pigmentation of its edge is not 
even. 

The physiological size of the pupil, under normal conditions, is from 2.5 
to 4.5 mm, but a careful examination will show that it is constantly fluctuating 
in response to the influence of quite a number of factors, among which are 
1, light; 2, sensory stimuli; 3, psychic stimuli; 4, convergence; 5, the closure 
of the lids. The size of the J>upil varies also with the age of the person. 
It is smaller in infants than in childhood, and does not dilate as much when the 
light is reduced. It is largest, physiologically, between the fifth and twenty- 
fifth years, then it gradually decreases in size to about the fiftieth year, and 
usually becomes still smaller in old age. This phenomenon is due to the in- 
creasing rigidity of the walls of the vessels in the iris, as well as to the reduc- 
tion of the general excitability which takes place as the years advance. 

The size of the pupil also depends very much on the condition of adapta- 
tion of the eye. When we go from the light into the dark our eyes need time to 
become adapted to the darkness; in other words, the size of the pupil depends 
on the relation of the outer brightness to the condition of adaptation of the 
eye. It is likewise affected by the refraction. Hypermetropes often have small 
pupils, while myopes, particularly when young, are apt to have strikingly 
large ones. Sleep has a considerable influence on their size. They are small 
during natural sleep, and the greatest physiological meiosis is to be met with 
during deep sleep. The most natural explanation of this fact is that the 
stimulation which causes the pupils to dilate is absent at such a time. 

The pupils dilate in exhaustion, according to Bumke. They dilate and 
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lose their reactions immediately after death, but contract again some hours 
later because of the rigor mortis. 

II. Mechanism of the Movements of the Iris 

The question arises: By what means is this continuous play of the pupil 
accomplished? 

The iris of the living eye differs from the diaphragm of a photographic 
camera in that the size of the pupil is regulated automatically. Two muscles 
are provided for this purpose, the sphincter pupillae, which makes the pupil 
smaller, and the dilatator, which makes it larger. In addition, the fullness of 
the vessels of the iris must be taken into account, for when the amount of blood 
they contain is increased the iris must become broader and the pupil smaller. 

The sphincter pupillae may be demonstrated histologically with ease, but the 
existence of a dilatator has been denied, over and over again, and the contention 
over the mechanics of the movements of the iris has by no means ceased as yet. 
One thing, however, is certain ; a dilatator pupillae does exist in the iris, as has 
been proved by Henle, Merkel and Koelliker. It is only recently that it has 
been possible to make satisfactory histological preparations by bleaching out the 
annoying pigment from the iris without destroying the structure of its tissue. 
Considerable differences of opinion still exist in regard to the details. One idea 
is that the posterior limiting lamella, or BrucVs membrane, is muscular. This 
lamella has been termed the muscular epithelial layer by Muench, Heerfordt and 
others. It arises from the connective tissue of the ciliary body, extends forward 
to the middle of the sphincter, but ends before it reaches the margin of the pupil. 
Wolf rum claims, on the other hand, that the contractive layer of this lamella, 
which is only 3 or 4 mm thick, is much too thin to be able to supply alone the 
power by which the iris dilates the pupil. Muench calls the network of stroma 
cells of the iris the dilatator. We will not go any farther into this dispute, for 
it is not of great importance, and will note simply that in the contraction of the 
pupil the sphincter has a breadth of 1 mm, and that the central margin is 
everted with the pigment layer. When the power that dilates the pupil acts, 
the anterior surface of the iris is made to occupy less than a third of the space 
previously covered, while its thickness is increased in the proportion of 1:2. 
Each of the two muscles has its own nerves. The sphincter is supplied, together 
with the ciliary muscle, by the oculomotor nerve, the fibres of which are conducted 
to them by way of the ciliary ganglion and the ciliary nerves. The dilatator is 
supplied by the sympathetic, the pupillary fibres of which come from the cilio- 
spinal centre of the spinal cord. 

m. The Physiological Reactions of the Pupil 

As the pupil either contracts or dilates it is evident that we have to deal with 
two principal varieties of pupillary reactions, those of contraction and. of dilata- 
tion. A feature common to all of them is that they are involuntary and without 
consciousness. 

A. The Reactive Contractions of the Pupil 

Contraction of the pupil is produced, 1, by the direct, reflex reaction to 
light; 2, by the indirect reaction to light; 3, by the reaction of convergence; 
4, by the reaction to the closure of the lids; 5, by the reaction to stimulation 
of the trigeminal and facial nerves. 
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1. Direct Reaction to Light 

I must first mention a fact that has been recently established by Hess, in 
order that the reflex reaction of the pupil to light may be understood. Irradia- 
tion of every part of the retina will not excite contraction of the pupil, on the 
contrary Hess has proved that only a quite small area about the macula, of 
about 3 mm radius, is pupillomotor. It was believed formerly that the receptive 
apparatus was present throughout the retina, but now we have to admit that 
only this small, central area has any influence on the reflex reaction of the pupiL 
We cannot irradiate the central, or the excentric portions of the retina alone, 
because diffused light enters largely into all clinical methods of examination, 
and it is therefore not so strange that the investigation of the pupils is always 
faulty in practice. All we can do is to proceed as uniformly as possible. I 
will illustrate the method of procedure first by irradiation of a healthy eye with 
a small pupil. 

The pupil contracts quickly and then dilates more slowly; then follow some 
lively little fluctuations and, finally, the margin of the pupil makes incessant 
minute oscillations, which may be seen very well with Zeiss 9 loupe. This experi- 
ment shows at the same time the influence of the adaptation of the retina upon the 
reaction of the pupil. When we shade the eye first, the entrance of light acts 
as a stronger stimulus than w T hen the retina has already begun to adapt itself 
to the light, therefore much smaller quantities of light suffice to excite the re- 
action of the pupil in an eye adapted to the dark than in one adapted to the 
light. 

When we study the reflex of the pupil to light more accurately we find that 
a certain time, about 0.4 or 0.5 of a second, elapses between the moment of the 
entrance of the light and the commencement of the visible contraction. This is 
known as the period of latency. The entire time occupied by the contraction of 
the pupil is from $4 to 1 second. 

2. Consensual Reaction to Light 

Irradiation of one eye produces in man and the higher mammals a contrac- 
tion of the pupil not only in that eye, but in the other one also. This is known 
as the indirect, or consensual reaction of the pupil to light. If we irradiate one 
eye with a certain strength of light the contraction of both pupils is approxi- 
mately the same, but careful observation has proved that the direct reaction is 
rather greater than the indirect. I became convinced of this long ago, as have 
Bach and others. 

In mammals this indirect pupillary reaction is met with coincidently with the 
first appearance of the partial decussation of the optic nerves. That we may 
understand how these reactions take place we will leave our patient for a gioment 
and direct our attention to Plate X, on which is delineated the pupillary tracts 
and centres. 

THE TRACT OF THE REFLEX CONTRACTION OF THE PUPIL 

This tract begins in the small, central, pupillomotor area of the retina. The 
fact that this area alone is pupillomotor destroys the old theory of Schirmer, 
that the light reflex originates in the amacrine, parareticular cells. The rods 
and cones are to be regarded as the pupillomotor receptive apparatus, accord- 
ing to the researches of Abelsdorf and Hess. The light stimulus passes from the 
retina to the optic nerve by which it is conducted along. 

The histological researches of Gndden, Key, Retzius, v. Michel, and Bern" 
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heimer have proved that the optic nerve contains fibres that differ in thickness. 
The thinner ones appertain to vision, the thicker ones to the pupil. The latter, 
in which we are interested just now, pass along the optic nerve to the chiasm, 
where a partial decussation takes place. From the chiasm they pass along the 
dorsolateral portion of the optic tract to the corpora quadrigemina, whence the 
stimulus is transmitted to the nucleus of the oculomotor nerve, by way of which 
it is returned to the eye. Considerable differences of opinion are still maintained 
in regard to the details of the course of this tract. All we know is that the 
pupillary fibres in the optic tract branch off from the corpus geniculatum ex- 
ternum and arrive at the anterior portion of the corpora quadrigemina. Accord- 
ing to Bernheimer the pupillary fibres may be traced to the region of the nucleus 
of the oculomotor nerve, while Dimmer and Bach think that they end in the 
lateral portion of the anterior corpora quadrigemina. According to Bach the 
fibres that end in the lateral portion of the anterior corpora quadrigemina 
transmit the stimulus to the cells of the arched and radiating fibres, to which 
the character of intercalary cells must be ascribed. If this is so, these arched 
and radiating fibres form the junction with the nucleus of the oculomotor nerve. 
According to Held these arched fibres unite with the oculomotor nucleus, there- 
fore they could transmit the stimulus to the cells of the sphincter pupillae, which 
lie in the proximal segment of the nucleus. However this may be we can say 
that the nucleus of the sphincter is to be considered the starting point of the 
centrifugal neuron of the light reflex tract of the pupil. The stimulus passes 
from this place in the trunk of the oculomotor nerve along the base of the skull 
and into the orbit. The pupillary fibres occupy the inner portion of the nerve. 
In the orbit they form a part of the branches of the nerve to the ciliary ganglion. 
We know that destruction of the ciliary ganglion results in absolute immobility 
of the pupil. The short ciliary nerves arise from the anterior margin of the 
ciliary ganglion and pass obliquely through the sclera in the vicinity of the 
optic nerve, run forward in the suprachorioidea, and finally terminate in the 
ciliary muscle, the iris and the cornea. The course followed by the stimulus, in 
order to produce a contraction of the pupil, thus appears to be rather com- 
plicated. 

S. Reaction to Convergence 

Whenever our eyes are directed toward a near object the sphincters of both 
pupils are innervated at the same time as the two internal recti and the ciliary 
muscle. A contraction of the pupils is produced* in "this way. 

We may test this reaction by having the patient look first at a distance and 
then suddenly fix on a near object. As the muscle of accommodation acts simul- 
taneously with this reaction of the pupil many researches have been instituted to 
determine whether the accommodation or the convergence is the active factor in 
the production of this pupillary phenomenon. At the present time the theory 
that the contraction of the pupil is associated with the convergence has the pref- 
erence. Contraction of the internus does not cause contraction of the pupil, but 
an effort to look at a near object always excites a central impulse which stimu- 
lates simultaneously the internus, the sphincter pupilla* and the ciliary muscle. 

The tract for this reaction is therefore from the cortex of the brain to the 
nucleus of the oculomotor nerve, the oculomotor nerve, the ciliary ganglion, the 
short ciliary nerves. 

These three reactions, the direct, consensual, and of convergence, are the 
most important from a diagnostic point of view, but we have some others that 
cause the pupil to contract, which should be mentioned. 
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4» Reaction to the Closure of the Lids 

A. v. Graefe observed in 1854 that immobile pupils could contract when the 
lids were tightly closed. This phenomenon has been studied more recently by 
Westphal, Piltz and Bumke. 

If we hold the lids of this healthy man apart and direct him to close his eyes 
strongly, the pupils are seen to contract. This is due to an associated move- 
ment of the iris, which is stimulated at the same time as the facial branch of 
the oculomotor nerve. The reaction to the closure of the lids may be both direct 
and indirect, but the phenomenon has no great diagnostic importance. 

6* Reflex from the Trigeminus 

A contraction of the pupils can be excited in many persons by stimulation 
of the trigeminus, aside from the reflex closure of the lids. 

6. Ear Reflex of the Pupil 

It may also be mentioned that Schreiber observed a contraction of the pupil 
in rabbits, after the optic nerves had been divided, as soon as the root of the ear 
was seized with force. 

B. The Reactive Dilatations of the Pupil 

We will turn now to those factors that, by way of innervation, produce a 
dilatation of the pupil. 

1. Dilatation of the Pupil through Stimulation of the Sympathetic 

It has been known for a long time that mydriasis is caused by stimulation 
of the cervical sympathetic. The tract for this reaction is essentially as fol- 
lows: The fibres that conduct the impulse of dilatation to the pupil leave the 
spinal cord at the level of the two upper dorsal and the lowest cervical vertebra?. 
They pass with the anterior branches of the ansa Vieusenii from the ganglion 
thoracicum supremum to the ganglion cervicale inferius, and from this to the 
ganglion cervicale supremum through the cervical sympathetic. In this latter 
ganglion they form a junction with the hypoglossus. After leaving this gan- 
glion they separate from the rami carotidei, which go to join the carotid plexus, 
and proceed within the skull to the Gasserian ganglion, where they unite with 
the first branch of the trigeminus, with which they reach the eye by way of the 
long ciliary nerves. These nerves do not pass through the ciliary ganglion. 

2. Dilatation of the Pupil by Sensory and Psychic Stimuli 

Stimulation of a sensory nerve may excite a dilatation of the pupil. The 
tract followed is from the sensory nerve to the cerebrum, from the cerebrum 
to the nucleus of the oculomotor nerve, thence by way of the oculomotor nerve 
through the ciliary ganglion and the short ciliary nerves to the sphincter 
pupilla?, the tonicity of which is caused to relax. A psychic stimulus, an impulse 
of the will, an emotion, and a lively conception may likewise cause the pupil to 
dilate. The fact is remarkable that the impulse of dilatation of the pupil pro- 
duced by sensory and psychic stimuli is stronger than the most powerful con- 
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traction produced by light. The pupils dilate in anger and terror, and the 
. dilatation continues even when the eye is strongly irradiated. I had the oppor 

i tunity to study this reaction in a friendly actor while he rendered parts depict- 

♦ ing these emotions. The details of the way in which this kind of pupillary dila- 

tation takes place are still uncertain. Some believe it to be an active dilatation 
induced by stimulation of the fibres of the sympathetic; others think it passive 
due to the relaxation of the tonicity of the sphincter. I think it probable thai 
both factors take part. 

METHOD OF TESTING THE REACTION OF THE PUPIL 

Bach has stated correctly that we must know four things in order to analyze 
the most important disturbances of the innervations of the pupil. We musl 
determine its size, 1, with reduced light; 2, with strong irradiation of both 
eyes; 3, with strong irradiation of only one eye; 4, during convergence. 

A number of pupillometers have been made, by Schirmer, Krusius and others 
for the scientific measurement of the size of the pupil, but such instruments arc 
unnecessary for practical work. The examination can be made by such a simple 
method, that any practitioner can learn to make it in a very short time. The 
handiest instrument for measuring the size of the pupil is Haab's pupillometer 
which consists of a strip of white paper, fastened on a ruler, on which the various 
sizes of the pupil are indicated by a scries of graduated black circles differing ir 

I diameter by 0.5 mm. This simple instrument is held beside the temple of the 

patient and the size of the pupil can be determined with sufficient accuracy b} 
comparison. 

I The test is made in a dark room. A lamp is placed behind the head of the 

patient, who looks into the distance past, or over the head of the observer, ir 

I order that he may exert no movement of convergence, or of accommodation 

Light is then thrown into the pupils from a distance of about 40 cm, with the 
ophthalmoscope; their sizes are compared one with the other and measured ly 

i , comparison with the pupillometer. In this way we determine the size of the 

| pupils and their reaction in reduced light. 

To test the direct and indirect reaction to light we move the lamp forward 

i close the more distant eye and throw a cone of light into the other one by mean: 

of a strong convex lens, after we have first shaded the eye for a little while witl 
the hand that holds the lens. The pupil dilates a little in consequence of thii 
darkening, and the reaction to the light is made more distinct. We ascertaii 
in this wr.y whether the pupil reacts directly to light, and its size is measurec 
again. Now we open the second eye to test the indirect, or consensual reaction 
while the other is again irradiated. 

Then comes the test for convergence. The lamp is placed once more to tin 
side of the patient, who is suddenly directed to fix his eyes on the forefingei 
which the examiner holds in front of him. 

If the reaction to light is found to be reduced in any case everything depend: 
on whether a slight trace of movement can he detected in the pupil or not. Ai 
the central area of the retina is the only portion that is pupillomotor we must 
cause a strong light to fall on its centre. To do this a lamp may be placet 
directly in front of the patient, or a bright light may be brought in front oi 
the eye, so that the macula is alternately shaded and illumined, as done Ivj 
Bach, The reaction of the pupils to sensory and psychic stimuli needs to be 
invest igateel by the ophthalmologist only in rare cases. Neurologists, on the 
ce>ntrar3 r , need to make these examinations more frequently. 
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142. The Most Important Disturbances in the Innervations of 

the Pupil 

We have studied the norm*.? reactions of the pupil and the method of ex- 
amination. I have now some cases by means of which I can demonstrate the 
most important forms of its pathological innervation. 

Anisocoria in Health 

The pupils- of this young man are rather unequal in size, but he is otherwise 
in perfect health. 

A great revolution has taken place in our views concerning this condition. 
Formerly anisocoria was considered almost universally a bad prognostic sign, 
and I know of several cases in which tabes and progressive paralysis were diag- 
nosed in perfectly healthy people from this symptom alone. We know now that 
slight degrees of anisocoria occur in healthy persons. 

We must ascertain, in every case in which this condition is present, whether 
it is associated with any disturbances in the reactions of the pupils, for an 
anisocoria in which such disturbances are not present is harmless. Such in- 
equalities in the size of the pupils may be congenital. When we meet with this 
condition in a sick person we must remember that diseases of the stomach, lungs, 
kidneys and liver may cause differences in the size of the pupils, but* in such 
cases we usually find the reaction to light to be perfectly normal. Affections of 
the sympathetic are apt to be the causes of the anisocoria of internal diseases. 
When it is improbable that the condition is congenital, and disease of the in- 
ternal organs has been excluded, the following possible causes must be taken 
into account: 1, Different refraction' of the two eyes; 2, unequal illumination 
of the two eyes, with preponderance of the direct over the indirect reaction; 3, 
unlike conditions of adaptation of the two retinae ; 4, inequality of the reaction 
to the closure of the lids. These four causes are easily dealt with. A difference 
in the size of the pupils is met with only occasionally when the refraction of the 
two eyes differs and all other conditions are normal. If the irradiation is not 
uniform and the direct exceeds the indirect reaction, we need only to make the 
irradiation uniform and the difference between the pupils will disappear. Aniso- 
coria due to unlike conditions of adaptation may be caused to disappear quickly 
in the same way, and it is only in extremely rare cases that the reaction to the 
closure of the lids can be held responsible for a difference in the size of the pupils. 
The following causes are the ones for which we must particularly examine in 
practice : 5, A lesion in only one centripetal light reflex tract, or lesions of dif- 
ferent degrees in both ; 6, a lesion in only one centrifugal tract for contraction 
of the pupil, or lesions of different degrees in both ; 7, a lesion in the tract of the 
sympathetic, either confined to one side, or present to a different degree on both 
sides. We will now study these troubles, which are very important in practice. 
The problems are easier to solve than they appear to be. The disturbances of 
the light reaction of the pupil that we meet with in practice are, 1, amaurotic 
immobility ; 2, absolute immobility ; 8, reflex immobility. 

1. Amaurotic Immobility of the Pupil 

The right eye of this patient is blind from optic atrophy, caused by a frac- 
ture of the base of the skull. The light reflex tract, which begins in the retina 
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and passes through the optic nerve, chiasm, and optic tract until it arrives at the 
lateral region of the anterior corpora quadrigemina, has been completely inter- 
rupted by an injury to the retina and optic nerve. Accordingly we find that 
when we irradiate the right eye there is no reaction, either direct or indirect, 
but when we irradiate the left eye the left pupil contracts directly and the right 
indirectly. The third reaction, that of convergence, is intact. A characteristic 
of unilateral amaurotic immobility is that the pupil of the blind eye is 'rather 
larger than that of the other in reduced light, but the difference in siee passes 
away after the eves have been uniformly irradiated for a while. In bilateral 
amaurotic immobility neither pupil reacts to light, either directly or consensu- 
ally, and both are usually dilated. The diagnosis is easy as a rule; the bi- 
lateral reflex immobility of the pupil alone has to be taken into account in the 
differential diagnosis. 

2. Absolute Immobility of the Pupil 

An absolute immobility of the pupil has been produced in this case by the 
instillation of atropin. This example will serve to show that absolute immobility 
is usually due to a deprivation of the sphincter pupilla? of its functional power. 
It might be thought a priori that it could also be caused by a stimulation of the 
dilatator, but such a condition can scarcely be demonstrated with certainty in 
man. In most cases the sphincter is paralyzed. Absolute immobility of the 
pupil is characterized by absence of the direct and consensual reaction to light, 
the reaction to convergence, and the dilatation referable to sensory and psychical 
stimuli. 

Various causes may operate to produce such an absolute immobility of the 
pupil. We must first question whether the condition is one of paresis of the 
sphincter pupilhe induced by the instillation of a cycloplegic such as atropin, or 
homatropin, as these drugs are not infrequently used by malingerers for the 
purpose of deception. 

Paresis of the sphincter is often associated with paresis of the muscle 
of accommodation, forming ophthalmoplegia interna. In such a case we must 
think of syphilis, but the condition may be produced by other causes, such as 
ptomaine poisoning from meat, fish or oysters, influenza, diphtheria and lead 
poisoning. Contusions of the eye very often cause paresis, together with lacer- 
ations of the sphincter. 

A lesion that gives rise to an absolute immobility of the pupil may be sit- 
uated in the sphincter, in the short ciliary nerves, in the ciliary ganglion, in 
the motor roots of the ganglion, in the trunk of the oculomotor nerve, or in the 
ganglion cells 'of the nucleus of the sphincter. If the lesion is situated pos- 
terior to the ciliary ganglion eserin will continue to act; if in front of it, the 
effect of the drug will be lessened. An absolute immobility of the pupil may 
also be produced from the cortex of the brain through inhibition of the tonicity 

of the sphincter. 

When the absolute immobility of the pupil is incomplete, the reaction, 
called bv Saenger myotonic, may sometimes be observed. Although the reac- 
tion to light has been lost almost entirely, the pupils contract slowly during 
convergence and remain contracted for some time after the convergence has 
been relaxed. 

3. Reflex Immobility of the Pupil 

In our next patient, for whom we are indebted to the courtesy of the neu- 
rological clinic, we find a reflex immobility of the pupils. There is no direct or 
indirect reaction to light, and no reaction to sensory and psychic stimuli* 
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Each eye presents a considerable degree of meiosis. The reaction to conver- 
gence, on the contrary, is present and strikingly prompt. These are the char- 
acteristic symptoms of a bilateral reflex immobility of the pupils. 

This condition may exist in one eye alone and remain thus for a long time. 
Anisocoria is often present and, as a rule, the disturbance of innervation is 
farther advanced in the pupil that is the smaller. 

When we come to examine the patient more carefully we are struck by a 
peculiar, fixed expression of the eyes. In many cases the pupils are not quite 
round, and when the reaction to the closure of the lids is tested we frequently 
find that the slightest attempt to contract the orbicularis results in a distinct 
contraction of the pupil. Above all it is characteristic that the reaction to con- 
vergence is very prompt. 

This derangement of the pupils is of great importance, because it is in- 
dicative of tabes and general or progressive paralysis. Its diagnostic signifi- 
cance is frequently of use in the neurology of the eye. It indicates tabes, or 
taboparalysis, with 90% of probability. These diseases so far exceed all 
others in which a reflex immobility of the pupil occurs that I mention only 
for the sake of completeness that a congenital reflex immobility of the pupil 
has been observed (Reichardt, SeggeV) y that it has been met with in connection 
with inflammations, tumors and injuries in the medulla oblongata and pons, and 
that it has been seen after injuries to the head, and even after a contusion of 
the eyeball. This patient has tabes. If we wish to utilize such a pupillary 
symptom for purposes of diagnosis we must differentiate sharply between 
reflex and absolute immobility. The absolute form occurs in progressive 
paralysis, less often in pure tabes, but in the overwhelming majority of cases 
the differentiation is made by the test of the reaction to convergence, which is 
so prompt in the reflex immobility. 

In view of this great diagnostic importance of the reflex immobility of the 
pupil it is a pity that our information is still so insufficient concerning its origin 
and seat. A very lively interchange of ideas has taken place of late in regard 
to this subject, but we are still far from definite knowledge. We do not know 
how to explain the spinal meiosis that is so often associated with it. A dimi- 
nution of the innervation of the sympathetic may be supposed to take place 
from a lesion either of the ciliospinal centre, or of the motor fibres in the course 
of the cervical sympathetic, but then it is strange that we are not apt to meet 
with the other symptoms which result from a paralysis of the oculopupillary 
fibres of the cervical sympathetic. It can also be shown that the pupil with 
spinal meiosis dilates after the instillation of cocain, while such an effect is not 
produced otherwise in paralysis of these oculopupillary fibres. 

Others prefer to ascribe the reflex immobility to a spasm of the sphincter 
pupillae, but it is hardly probable that such a condition of motor stimulation 
would persist for years in tabes, a disease in which we are accustomed to meet 
with paresis of the other muscles of the eye. 

The theory of Erb and Bumke, that the absence of dilatation of the pupil to 
sensory and psychic stimuli plays the chief part in the production of the spinal 
meiosis, seems more plausible. Our knowledge in regard to the anatomical 
site of the lesion which produces reflex immobility of the pupil is equally un- 
certain. It has frequently been ascribed to disease of the bundles of centripetal 
pupillary fibres that run from the optic tract to the anterior corpora quad- 
rigemina. According to Harris the pupillary fibres partially decussate not 
only at the chiasm, but also a second time between the anterior corpora quad- 
rigemina and the third nucleus. This second decussation is formed of MeynerVs 
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fibres and the reflex immobility of the pupil may be caused by a sclerosis of 
these. Heddtrux supposes that the ramus iridis of the oculomotorius consists of 
two twigs, one of which serves for the reaction to light, the other for that of 
convergence. Numerous other hypotheses have been advanced, of which 1 will 
mention only that Bach supposes that there arc two centres of inhibition for 
the reflexes of the pupil in the spinnl end of the medulla oblongata, one centre 
to regulate the light reflex by inhibition, the other to regulate the sensory and 
psychic stimuli to the pupil. Beflex immobility and meiosis may be produced 
by disturbance of these tracts. The situation of the lesion has naturally been 
looked for anatomically many times, but it has not been found. It seems to be 
settled that the roof of the corpora quadrigemina takes no part in the produc- 
tion of reflex immobility of the pupil. 

liiegcr and v. Forster were the first to advance the theory that the site of 
the lesion was in the cervical portion of the spinal cord. Lesions in the pos- 
terior columns have been reported by Wolff, Gaupp, and Kciclihartlt, which 
thej thought were related to reflex immobility of the pupil, but others, espc 
cially Bumke, dispute the idea that the site of'the lesion is in this place. This 
important problem remains to be solved in the future. We must be content 
will] the demonstration of these conditions. In amaurotic and ahsolute immo- 
bility the contraction tracts of the pupil are affected; in reflex immobility the 
dilatation tract is also involved, if we consider the meiosis to be due to a change 
in the innervation bj the sympathetic, or to a deficiency in the response to sen- 
sory and psychic stimuli. 

A spastic mydriasis, due to stimulation of the fibres of the sympathetic 
winch supply the dilatator pupilhe is of no great consequence. Paralysis of 
the ocuiopupillary fibres of the cervical sympathetic is far more common. This 
creates such an important clinical picture, the so called Horner's syndrome, that 
I shall take pains to demonstrate it as soon as I have an opportunity. At the 
present time I only wish to say, on account of the connection with derangements 
of the pupil, that meiosis occurs in that condition because the dilatator pu- 
pilhe is paralyzed. The reactions to light and convergence are normal, Weak 
solutions of cocain do not affect the pupil when the paresis of the sympathetic 
is complete. In addition to the meiosis the palpebral fissure is narrowed, lic- 
cnuse the upper lid hangs down somewhat and the lower lid rises a little in 
consequence of tile paresis of the superior and inferior palpebral muscles, 
which are innervated by the sympathetic. There is also some cnophthalmos, due 
to the paresis of the smooth muscles of the orbit. When the paresis is recent 
the affected side of the face is the more reddened. 

In conclusion I will mention briefly some rare conditions. By hippus iridis 
is meant a rhythmic contraction and dilatation of the pupil which takes place 
every few seconds and is usually independent of light, convergence and psychic 
or sensory stimuli. Such a hippus may occur alone or may be associated with 
nystagmus; it is observed most frequently in multiple sclerosis, but it is also 
met with in syphilis of the brain, meningitis, chorea and epilepsy. 

Another condition is the so called quickly changing pupils, a phenomenon 
in which first one and then the other pupil is markedly dilated. This alternate 
change in the size of the pupils takes place without any demonstrable cause. 
Sometimes one pupil alone may exhibit such fluctuations in size, which are in- 
dependent of light and convergence; this has been seen particularly in eases of 
congenital paresis of the oculomotor nerve, or when such a paresis has devel- 
oped early in life, when the paretic upper lid may rise and fall periodically i 
unison with the contraction and dilatation of the pupil. 
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In former years much was written concerning a paradoxical reaction to 
light, by which is understood that, instead of contracting, the pupil dilates in 
response to light and contracts when shaded, but whether such a reaction ever 
occurs can be proved positively only when the sources of error in the examina- 
tion of the pupil have been rigorously taken into account. 



143. Can a Disease of the Central Nervous System be Diagnosed 
from the Derangements of the Innervation of the Pupils Alone P 

The physician needs to pay much attention to the pupillary phenomena 
in the domain of internal medicine, of psychiatry, and of neurology, and he 
may be greatly helped in this respect in the eye clinic. We enter upon a 
field in which ophthalmology oversteps the limit of her specialty and becomes 
a coworker in the realm of neurology. In order to give a correct idea of the 
importance of ophthalmology to neurology I shall demonstrate some cases 
to show the special importance of the ocular symptoms in the diseases 
presented. In such cases we have always to consider the question: In 
how far are the changes in the eye of importance in making positive or com- 
pleting the neurological diagnosis? On the other hand I can exhibit cases 
which pass first through our hands, in which we diagnose a disease of the 
central nervous system from' the ocular symptoms and then turn them over to 
the neurologist for treatment, or for a final diagnosis. In this way the study of 
the neurology of the eye serves to prepare the student for the study of nervous 
diseases, which is continually growing more and more important. The close co- 
operation of neurology and ophthalmology is an important postulate of medical 
science. 

It is plain that we should not confine our examination to the eyes alone 
when a suspicion arises that a disease of the central nervous system is present. 
We primarily examine the eyes in their entirety; then we see in how far all 
ocular symptoms are of importance to the diagnosis of the disease of the 
central nervous system, and we shall learn to recognize the limits of the diag- 
nostic value of these symptoms. We must also take into account the condi- 
tion of the general organism, so as to group together all of the symptoms in 
making a neurological diagnosis. Still, the cases are not rare in which the 
changes in the pupil form the first, or the most marked, morbid symptom. 
We have such a case in this patient; he came simply because he wished a 
presbyopic glass. His vision, field and fundus are perfectly normal, but we 
find in each eye a marked reflex immobility of the pupil and meiosis. 

Let me repeat: We speak of reflex immobility of the pupil when the direct 
and indirect reaction to light and the dilatation caused by sensory and psy- 
chical stimuli are absent, and the reaction to convergence is present. In view 
of such a case as this it is necessary that we should inquire: In how far can tee 
base, or conjecture f the diagnosis of a disease of the central nervous system from 
the changes in the movements of the pupils alone? A priori two ways are open 
for the solution of this problem. We may ask whether the pupillary symptoms 
give us any indication of the seat of the disease in the central nervous system. 
In other words: Does a special phenomenon of the pupil tell us that a focus of 
disease is situated in this or that place in the central nervous system? Or we 
may take the individual diseases of the central nervous system and ask : Which 
of these diseases reveal themselves through derangements in the reactions of the 
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pupil, and which ones can we recognize from these changes? I maintain that 
the question for us just now is: What diagnosis can we form when pupillary 
derangements alone are present, as in this case? The first question, whether 
pupillary symptoms are able to reveal any certain location of a nerve lesion 
and so guide us to the disease, is quickly answered in the negative. The rela- 
tions between localization and pupillary symptoms cannot be utilized diagnos- 
tically in diseases of the nervous system when the derangement of the innerva- 
tion of the pupil is the only symptom. No single phenomenon of the pupil 
alone is able to locate a lesion at a certain place in the central nervous system. 
We have known for a long time, from numerous experiments made by physiolo- 
gists and neurologists, that dilatation of the pupils can be produced by stim- 
ulation of the brain cortex, and that there are places in the cortex from which 
the dilatation of the pupil is most easily produced. Such places are the gyrus 
centralis anterior in dogs and cats, the rhachidian bulb in monkeys, according 
to Levinsohn and Parsons. A certain focus is not indicated by this phenom- 
enon alone in man. No single pupillary symptom by itself can indicate a focus 
in the cerebrum and the intermediate brain. Even in diseases of the intermediate 
brain, the corpora quadrigemina, the tegmental region and the pineal gland, 
the behavior of the pupil is very variable. The pupils are influenced in dis- 
eases of the peduncle also, but no specific phenomena are produced. The sit- 
uation is the same with regard to diseases of the pons and cerebellum. The 
answer and the diagnostic value of the pupillary symptoms are quite different 
when we come to the second question : What diseases reveal themselves etiologi- 
cally by derangements in the reactions of the pupils in such a way that we can 
conjecture or base the diagnosis on the pupillary symptoms alone? 

The Pupillary Reactions in the Most Important Diseases of the Central 

Nervous System 

In order to answer this question it is necessary that I should review briefly 
the behavior of the reactions of the pupil in these diseases, and in order to 
impress the conditions the more easily I will divide all of the diseases to be 
taken into account into three large groups: 1, Those in which the pupillary 
symptoms arc so variable and uncertain that alone they furnish no basis for a 
diagnosis ; 2, those in which at least relatively characteristic pupillary symp- 
toms are present; 3, those in which the derangements of the pupil exist as 
a rule. 

/. Diseases in Which the Conditions of the Pupils are not Uniform 

This group includes most cases of poisoning, in many of which the pupils 
are affected, so the reactions should be tested in each case, but the conditions are 
extremely variable, as may be readily understood. The poison may at first be 
irritant, and then the irritation may be followed by paresis. The quantity 
of poison, the specificity of its action, the susceptibility of the patient, and the 
stage of the poisoning all have to be taken into account. The effect on the 
pupil may be direct, or it may be indirect and due to the lack of oxygen in 
the blood caused by dyspnopa or convulsions. It is evident from these facts 
that the behavior of the pupils must vary a great deal in cases of poisoning. 

In acute alcoholism the pupils are often contracted, often dilated; the re- 
actions arc sometimes decreased, sometimes increased. In chronic alcoholism the 
pupils are frequently relatively small and the reactions slow, but this is not 
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always the case. Reflex immobility of the pupil is very rare in aicoholism. 
The dilatation of the pupil in intoxication is supposed to be due to an irrita- 
tion of the brain cortex and an inhibition of the tonicity of the oculomotor 
nerve. The meiosis is explained as a spasm of the sphincter pupilla?. 

Meiosis and mydriasis have likewise been observed in nicotine poisoning. 

The behavior of the pupil when the patient is under the influence of ether 
or chloroform depends on the stage and depth of the narcosis. In the stage of 
excitement the pupils are large and still react to light ; when stupor sets in they 
become small aiid no longer react. Then, with asphyxia, mydriasis with immo- 
bility of the pupil replaces the meiosis ; a menacing sign. There is no need that 
I should enumerate the many other forms of poisoning in which the pupillary 
symptoms are uncertain ; it is better that we should turn to forms of disease 
in which the pupil exhibits nothing characteristic, with which we may deal 
briefly. The pupillary symptoms alone are not diagnostic in any of the 
diffuse diseases of the brain and spinal cord, not even in multiple sclerosis. It 
is only in syringomyelia that inequalities in the size of the pupils may be 
observed with comparative frequency, as the result of derangements of the in- 
nervation by the sympathetic, while centripetal and centrifugal disturbances of 
the light reflex tract are not to be expected, because of the anatomical site of 
the disease. The condition is quite similar when we would estimate alone the 
diagnostic value of the disturbances of the pupil in the systemic diseases of the 
spinal cord. One disease only is exceptional, tabes, and in this the pupillary 
symptoms are extremely important. , 

We frequently meet with derangements of the innervation of the pupil in 
the various forms of meningitis. The behavior of the pupil is not typical in 
epidemic cerebrospinal meningitis; meiosis alternates with mydriasis. In puru- 
lent meningitis the variable behavior of the pupils, inequality, fluctuations in 
size, temporary and then permanent immobility, is likewise characteristic. The 
pupils are sometimes unequal in tuberculous meningitis; when the disease is in 
an advanced stage they are usually dilated and not responsive to light. There 
is nothing characteristic in the behavior of the pupil in diseases of the peripheral 
nerves. 

When we turn to psychoneuroses and mental diseases we find manifold 
pupillary symptoms in neurasthenia, but they are governed by no fixed law. 
Restlessness of the pupils seems to be relatively frequent as a sign of the irrita- 
bility of the nervous system. In hysteria we come across a mutation of theories. 
It was formerly believed that derangements of the pupil were impossible in hys- 
teria, because the movements of the pupil are not under the control of the will, 
but meiosis and mydriasis have been observed and many neurologists believe that 
disturbances of the pupil may be present both during the hysterical attacks and 
in the intervals between them. The meiosis is ascribed to a spasm of the sphinc- 
ter, the mydriasis to an inhibition of its tonicity. In the traumatic neuroses the 
reaction to light may be increased or diminished, and occasionally a marked 
dilatation of the pupil with prompt reactions has been observed. As anisocoria 
without disturbance of the reactions may be present normally, it is evident that 
we can draw no inferences from such symptoms alone. The pupils may not be 
affected at all in migraine, but sometimes they are. The derangements of the 
innervation of the pupil have been recognized for a long time in epilepsy, but 
here again opinions differ. During the fit the pupils are usually dilated and 
immobile to all pupillary stimuli, and the loss of the reaction to light has been 
looked upon as a sign of epilepsy in the differentiation between this disease and 
hysteria, but loss of the reaction to light, and even absolute immobility of the 



586 DISEASES WITH CHARACTERISTIC PUPILS 

pupils, has been observed in hysteria. When we turn to inhibitions of psychic 
development and mental diseases we find the reactions of the pupil normal in 
imbecility and in the overwhelming majority of idiots. It is only in dementia 
precox, and its allied diseases, hebephrenia, katatonia, and dementia paranoides, 
that the absence of the psychoreflexes, the restlessness of the pupils and the 
reflex dilatation to sensory stimuli are frequent and to some degree character- 
istic. On the other hand progressive paralysis exhibits very characteristic pupil- 
lary symptoms. 

//. Diseases with Relatively Characteristic Pupillary Symptoms 

In connection with this group I must call attention to a form of poisoning 
of which I shall have more to say in another place, botulismus. When both 
pupils of persons who have previously been well become dilated and immobile 
after the eating of decayed meat, the symptom is so characteristic that we mav 
base the diagnosis primarily upon it. The pupillary reaction is not the only one 
impaired in such cases, but we find at the same time a paralysis of the accom- 
modation and trouble in swallowing. 

Chronic morphinism is another form of poisoning which is often associated 
with typical changes in the pupils, which are constantly and markedly con- 
tracted. Reaction to light and convergence is usually present, but the dilata- 
tion to sensory stimuli is reduced. Great care and very much tact must be used 
to make the diagnosis in this class of cases. 

///. Diseases in Which the Derangements of the Pupil are Characteristic 

We have now ranged over a large territory in which we have found traces 
everywhere of changes in the reactions of the pupil, but none of them sufficiently 
well defined to enable us to diagnose from them with certainty, or even probabil- 
ity, the disease of the organism. We come now to the diseases in which the 
pupillary symptoms are more characteristic, so that we can often base upon 
them the diagnosis of the organic disease. Even though all of the diseases that 
I have enumerated may not be remembered, these three will not be forgotten: 
syphilis of the brain, tabes and progressive paralysis. 

A. Pupillary Symptoms in Syphilis of the Nervous System 

The reason why the pupillary symptoms in this disease are so significant is 
that syphilis shows a certain predilection to attack the region between the 
pedunculi cerebri, near which lie the centripetal and centrifugal tracts and the 
nuclei of the internal muscles of the eye. Absolute immobility of the pupil, with 
or without paralysis of the ciliary muscle, is the symptom we meet with most 
frequently. This ophthalmoplegia interna affects one eye more often than both. 
Next in frequency is the amaurotic immobility caused by disease of the optic 
nerve, of the chiasm, and of the optic tract. This derangeinent of the pupil is 
therefore centripetal. Reflex immobility of the pupil is much less common. 

B. Pupillary Symptoms in Tabes 

Pupillary symptoms are present in over 80% of the cases of tabes. Their 
special diagnostic value is due to the fact that they may precede the other symp- 
toms of the disease by many years. Reflex immobility of the pupil calls atten- 
tion to a threatening or existing tabes. A remarkable fact is that this condition 
may affect one eye alone for a long time. A considerable degree of meiosis and 
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anisocoria are present at the same time in about 40% of the cases. Other 
pupillary symptoms, such as mydriasis and an imperfect roundness of the pupil, 
are not typical. Whenever we meet with reflex immobility of the pupil and 
meiosis we must think primarily of tabes. 

• 

C. Pupillary Symptoms in Progressive Paralysis, or General Paresis 

Another disease in which the onset is preceded by the same pupillary 
symptoms is progressive paralysis. Reflex immobility of the pupil ranks first' 
in this disease also. Statistics show that the reaction to light is lost in about 
one half of the cases. The second most frequent symptom is absolute immobility 
of the pupils, which are often widely dilated. Anisocoria has also been fre- 
quently observed. 

These three disease* of the central nervous system are the only ones in 
which the derangements of the movements of the pupil are sufficiently charac- 
teristic to be depended upon when we have to obtam diagnostic data from them 
alone. This patient has a typical reflex immobility of the pupil ; we can exclude 
every other cause, so we will make a probable diagnosis of tabes and will turn 
him over to the neurological clinic for a more thorough examination. 

It is a matter of great importance that these pupillary symptoms are able 
to call our attention to these diseases while they are in an early stage, for the 
sooner proper treatment is instituted the better will be the result, even though 
it may be that the advance of the disease can only be checked or delayed. This 
is another reason why I have shown this patient, in whom the derangement of 
the movements of the pupil alone can be found as yet. It is necessary that the 
diagnostic value of changes in the pupil should be estimated correctly when they 
arc the only symptoms present. They must be neither overestimated nor under- 
estimated. The more eye symptoms are present the greater is their importance 
in the neurological diagnosis. Even so our neurological knowledge has narrow 
limits. In the study of a single organ we must never lose sight of its relations 
to the entire organism. 



144. The Behavior of the Pupil in Diseases of the Eye and the Ac- 
tion of Mydriatics and Meiotics 

We need to be acquainted with the phenomena presented by the pupil not 
only in diseases of the central nervous system, but above all in diseases of the 
eye itself, and we have to influence the movements of the pupil therapeutically 
very often. We use drugs, some of which dilate, some of which contract the 
pupil, and the physician should be accurately informed in regard to their ac- 
tions. We will consider first how the reactions of the pupil are affected in 
diseases of the eye. 

I. Behavior of the Pupil in Diseases of the Eye 

Diseases of the eyelids cause no direct pupillary symptoms. 

The infectious forms of conjunctivitis occasionally affect the pupil. I have 
here a case of pneumococcal conjunctivitis in which the pupil exhibits a distinct 
tendency to contract, although the cornea is not involved. This contraction is 
due to an augmented hyperemia of the iris and a slight iritis caused by the 



688 THE PUPIL IN DISEASES OF THE EYE 

diffusion of toxic products through the cornea and the irritation excited by 
them in the iris. 

Derangements in the movements and form of the pupil are much more 
common in diseases of the cornea. When the cornea is perforated, either by a 
wound or by an ulcer, the pupil becomes distorted in consequence of a prolapse 
of the iris, which produces either a leucoma adherens, or an anterior synechia. 
When the*cornea has not been perforated the form and reactions of the pupil 
remain normal, even when the most extensive cicatrizations are taking place, 
provided that the preceding inflammation has not left changes in the iris. On 
the contrarv almost all fresh inflammations in the cornea affect the size of the 
pupil and the movements of the iris, but these pupillary changes are always to 
be ascribed to a secondary involvement of the iris in the inflammation. I need 
only cite as an example the ulcus cornea? serpens, which is accompanied by an 
iritis, as a rule. A feature common to all these inflammatory involvements. of the 
iris in diseases of the cornea is the tendency of the pupil to contract. This can 
be seen in both of these cases, one of which is a parenchymatous keratitis due to 
hereditary syphilis, the other an obstinate herpes cornea*. Examples of this 
nature may be multiplied as much as may be desired. 

The pupillary phenomena are manifold in diseases of the iris. The reactions 
are usually normal in the -congenital anomalies, such as coloboma of the iris, and 
our attention is naturally attracted by the change in the form of the pupil. 

The sphincter is frequently paralyzed in contusions ; in such cases the pupil 
is dilated and exhibits various degrees of absolute immobility. When the 
sphincter is torn the form of the pupil may be changed. I can confirm the state- 
ment of Krusius that if we instill a meiotic in such an eye a meiosis will be pro- 
duced, but it will frequently be less in degree than that in the uninjured eye. 

The pupil exhibits a strong tendency to contract in the overwhelming ma- 
jority of fresh cases of inflammation of the iris, whatever the nature of the 
inflammation may be. This contraction of the pupil is one of the symptoms that 
differentiates iritis from glaucoma. I cannot repeat this statement too often. 
The tension becomes increased in some forms of iritis, as in iritis serosa, and in 
such cases we liave to take note of the other symptoms, like the deposits on 
DescemeVs membrane. When the iris is inflamed it is natural that the reactions 
of the pupil should be slow and reduced, though still demonstrable. The reactions 
of the pupil are found to be present after the iritis has passed away and left 
only individual synechia?, but when a large number of posterior synechia? inter- 
fere seriously with the freedom of movement of the margin of the pupil the 
reactions suffer, and they are completely lost when a circular posterior synechia 
has been formed, or the surfaces of the iris and anterior capsule have become 
adherent. 

The reactions of the pupil are well marked after iridectomy, in spite of the 
artificial coloboma, as long as the iris is not bound down by adhesions, as for 
example, to a secondary cataract. Small tumors of the iris do not affect the 
reactions of the pupil, at least for a long time. 

Next to diseases of the iris come those of the ciliary body. Every cyclitis is 
complicated more or less by iritis, and consequently the pupillary symptoms are 
the same, except that in serous cyclitis the tendency of the pupil is to dilate, 
frequently because of glaucomatous conditions. 

This brings us to glaucoma, of which I am able to demonstrate again a 
case of the absolute form. The pupil is dilated, oval, and wholly destitute 
of reaction. In the first stage of primary inflammatory glaucoma the in- 
creased tension and the displacement of the periphery of the iris into the sinus 
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of the anterior chamber cause the dilatation of the pupil, the paresis of the 
ciliary nerves the slowness of the reactions. In the final stage of the disease, 
such as is exhibited in our patient, the tissue of the iris is atrophic. In addition 
there is an atrophy of the optic nerve, which is jointly responsible for the pupil- 
lary troubles in all forms of glaucoma, including glaucoma simplex. 

Lenticular opacities exert, as a rule, no influence on the movements of the 
pupils. Even when the lens is perfectly opaque, as in senile cataract, the reac- 
tions of the pupil are perfectly normal. This is a symptom to which we must 
pay heed when we have to decide whether the extraction of a cataract will prove 
successful or not. It is only when the lens swells greatly, as in traumatic cata- 
ract, that disturbances in the pupillary movements may be noticeable. Inflam- 
matory adhesions may also be formed between the iris and a secondary cataract, 
as in this patient, in whom the margin of the pupil is adherent in several places. 

I need only mention the fact that the form and size of the pupil may be 
affected by luxations of the lens. When the luxation is into the anterior chamber 
the pupil is dilated very widely. 

Diseases of the vitreous have no effect on the movements of the pupil, as a 
rule. The reactions are normal even when the opacities are very great, but as 
soon as we have to deal with severe intraocular inflammations, in which other 
membranes are involved, pupillary troubles appear. 

Disturbances of the pupil are much more common in diseases of the retina. 
In cases of extensive detachment of the latter the pupil is often somewhat 
dilated, while the reaction to light is less prompt and full, although sometimes 
the reaction to light may be very prompt in spite of a very great loss of vision. 
The condition of this reaction evidently depends on whether the central, pupillo- 
motor area of the retina is still w r ell preserved, and still has sufficient nutrition. 
No great pupillary troubles are met with in any of the other morbid changes of 
the retina, whether inflammatory, vascular, or degenerative, until the membrane 
undergoes secondary atrophy. The retinal elements are destroyed by such 
tumors as glioma, which explains the derangement of the reaction to light that 
they cause. The reaction is also affected later by the increase of tension, so that 
it often happens in glioma that the pupil is dilated and not responsive to light. 

Disease of the optic nerve is the principal source of pupillary disturbances. 
We find an enormous dilatation of the pupil and a reduction of its reaction to 
light even in the early stage of a choked disc. It is still uncertain how these 
troubles are brought about ; it may be that they are due to disturbances in both 
the centripetal and the centrifugal conduction in some cases, while in others the 
loss of vision and the impairment of the reaction to light do not go hand in hand. 
The latter may be almost completely lost even when the vision is still good. The 
conditions are quite analogous in other inflammations of the optic nerve. Re- 
duction of the vision and of the reaction of the pupil to light may correspond, 
but they need not. Even in retrobulbar neuritis, in which an affection of the 
papillomacular bundle is present, the reaction of the pupil to light may still 
be prompt in spite of a great impairment of the central vision. It is evident 
that the visual fibres and the pupillary fibres are not equally affected in such 
a case. 

The pupil behaves in a similar manner in optic atrophy. The loss of vision 
and of the reaction to light may not be proportional. Thus, Reichhardt found 
prompt reaction to light in spite of amaurosis in a case of monocular blindness 
that presented the ophthalmoscopic picture of optic atrophy. The anatomical 
examination revealed the fact that great numbers of the slender visual fibres in 
the optic nerve were degenerated, while the thick fibres were still normal. Such 
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cases as this are exceptional, however. Generally speaking, we may say that the 
reaction of the pupil to light is absent in total atrophy of the optic nerve, and 
that the pupils themselves are dilated, as a rule. Inversely, the presence of the 
reaction to light tells us that the eye has perception of light and, when we are 
engaged in the examination of persons suspected of aggravation or simulation, 
we are justified in doubting the statements that the vision is bad when the 
reaction is normal and we can find no objective condition in the eye to explain 
the loss of vision. In total optic atrophy of one eye the pupil is somewhat larger 
than the other in moderate degrees of light. Reaction to convergence and the 
dilatation of psychic stimuli are both present. 

There is little to add with regard to other diseases in the vicinity of the eve. 
The optic nerve, as well as the long and short ciliary nerves, may be affected by 
diseases, inflammations, or tumors in the orbit. The dilatator and sphincter 
pupilla? may be stimulated or paralyzed, in the same way, or the centripetal con- 
duction of the optic nerve may be interrupted. In injuries of the skull hemor- 
rhages may take place into the orbit and into the sheath spaces of the optic 
nerve, and impair in this way the reaction to light. 

II. Mydriatics and Meiotics 

The physician must not only observe the phenomena exhibited by the pupils 
in disease of the eye, he needs very often to influence them therapeutically. 
Poisons that act on the movements of the iris are used for this purpose; those 
that dilate the pupil are called mydriatics, those that cause contraction are 
named meiotics. It is well for students to have these drugs instilled into their 
own eyes, as their personal experiences will be best remembered. 

The most important mydriatic is atropin, which we use in the form of the 
sulphate in a l'/c solution. If a drop of this solution is instilled into the con- 
junctival sac the pupil begins to dilate in about ten minutes, and the full effect 
is obtained in from twenty to thirty minutes. The pupil is then widely dilated, 
absolutely immobile, and the ciliary muscle is paralyzed at the same time. This 
mydriasis and paresis of the accommodation lasts for a considerable time; it 
begins to pass away on the third or fourth day, but the effect of the drug may 
sometimes be still present at the end of eight or ten days. We have to take 
into account various individual conditions when dealing with a healthy eye. The 
pupil of an infant does not respond as promptly to atropin as does that of an 
older child, according to my observation, and it is a well known fact that the 
pupil cannot be dilated in this way as easily in old as in young persons. In 
addition to this, the absorption of the atropin into the eye varies a great deal, 
and depends, among other things, on the strengtli of the solution. 

How is the effect of atropin produced? It cannot be that the drug is absorbed 
into the circulation and acts from the blood, for in that case both pupils would 
become dilated, while in fact the only one affected is the pupil of the eye into 
which the drop has been instilled. The effect of all of our mydriatics is local. 

Atropin passes by diffusion through the cornea into the aqueous. This may 
be proved by a simple experiment. If a drop of the solution is placed in the 
conjunctival sac of an animal, the aqueous withdrawn a little later with a 
syringe and some of this aqueous is instilled into the eye of a second animal, the 
pupil of the latter dilates. The atropin in the aqueous acts upon the iris, and 
it has been proved by P. Schultz that it paralyzes the terminal filaments of the 
short ciliary nerves in the sphincter itself. This explains how it is that the 
pupil can be dilated still more widely in atropin mydriasis by stimulation of the 
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sympathetic. We need atropin above all in iritis, in order to counteract the 
hyperemia of the iris, the contraction of the pupil, and the formation of pos- 
terior synechias, but two things must be borne in mind in practice: One is 
that the duration of the effect of the drug is very long in the normal eye, so it 
must not be used to dilate the pupil for the sole purpose of diagnosis. Patients 
are justified in protesting against such treatment, as we have other means at our 
disposal with which this purpose may be accomplished. 

We must be very careful about the use of atropin in old people, because 
when they are predisposed to glaucoma the prolonged dilatation of the pupil 
may excite an attack. Cases have been reported in which a single drop of 
atropin has excited an attack of fulminating glaucoma which resulted in irre- 
parable blindness. Although such cases are rare it behooves us to be careful in 
the administration of atropin to old people. If an attack of glaucoma happens 
to be excited 'eserin must be instilled several times a day for a number of days. 

The second thing we must remember is that general toxic symptoms fre- 
quently appear after a prolonged use of atropin, because a portion of the 
poison escapes from the conjunctival sac into the nose and is absorbed. This 
intoxication is particularly apt to ba produced when the drug is placed in solid 
form on the mucous membrane in order to obtain a more powerful effect. The 
symptoms are dryness of the throat, redness of the face, acceleration of the 
pulse, a general weakness and sometimes loss of consciousness. Discontinuance 
of the atropin and a subcutaneous injection of morphin as an antidote obviate 
these troubles. 

Substitutes for atropin are daturin, duboisin (hyoscyamin) hydrochlorate, 
and hyoscin hydroiodate (V2%)» but the last is still more poisonous than 
atropin. Scopolamin hydrobromide (1/10%) is another substitute. 

I recommend the use of homatropin to dilate the pupil for diagnostic pur- 
poses. It requires more time, as much as twenty minutes to dilate the pupil, but 
its effect passes off more rapidly and has disappeared by the next morning, as 
a rule. Euphthalmin hydrochloride, in a 5% solution, has a similar effect. 
This group of mydriatics contrasts with another which produces a dilatation of 
the pupil through stimulation of the sympathetic, the principal one of which is 
cocain. 

Cocain hydrochloride in a 1% or 2% solution dilates the pupil through 
stimulation of the terminal filaments of the cervical sympathetic in the eye, 
as is proved by the fact that if the fibres coming from the superior cervical 
ganglion are divided these weak solutions of cocain are no longer able to dilate 
the pupil. It is an old saying that cocain stimulates the dilatator, while atropin 
paralyzes the sphincter pupilla?. This explains why it is that we instill both 
drugs in order to obtain the greatest mydriasis. The mydriatic effect of a weak 
solution of cocain appears in from five to ten minutes. It is not extreme and the 
reactions to light and convergence are preserved, so this drug is to be recom- 
mended as a means for dilating the pupil for diagnostic purposes, and it is of 
good service in ophthalmoscopy. 

Several other things are to be seen when cocain is instilled into the eye. In 
a short time the conjunctiva becomes pale and has a peculiar feeling of numb- 
ness or of cold. Reflex winking ceases because of the loss of sensation, so we 
have to be careful that the surface of the cornea docs not become drv whenever 
an eye is cocainized. The best way to accomplish this is by covering the eye 
with cotton wet with boric acid solution. The palpebral fissure becomes a little 
w r ider, a slight degree of exophthalmos may appear, and the intraocular tension 
may be slightly reduced. All of these symptoms are due to the fact that cocain 
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stimulates the fibres of the sympathetic. The vessels are contracted so that the 
conjunctiva becomes pale, and the muscles in the lid supplied by the sympathetic, 
the tarsalis superior and inferior, are caused to contract and so increase the size 
of the palpebral fissure. Most marked of all is the anaesthesia, in which the con- 
traction of the vessels cooperates. 

The extracts of the suprarenal capsule, adrenalin, suprarenin, atrabilin, etc., 
likewise dilate the pupil through stimulation of the dilatator pupilhe, but this 
stimulation is not transmitted by way of the ciliary nerve, as is the case with 
coca in. These preparations act rather on the muscle cells of the dilatator, or 
on the appertaining ganglion cells, for the effect they produce remains exactly 
the same after the ganglion supremum has been extirpated. 

M exotics 

The action of meiotics is the exact opposite of that of mydriatics. The 
two drugs are physostigmin or eserin salicyate, in solutions varying from % 
to 1%, and pilocarpin muriate in a 1% solution. 

The effect of eserin may be noticed a few minutes after a drop has been in- 
stilled. The pupil begins to become smaller, because the drug excites the sphinc- 
ter to contract. The pupil is extremely small in from twenty to thirty minutes, 
when the effect has reached its maximum. The ciliary body contracts together 
with the sphincter and its spasmodic contractions may be traced as soon as an 
attempt is made to fix on a near object. These contractions are sometimes pain- 
ful. Naturally the eye is adjusted for tfce near point. Pilocarpin acts in a 
similar manner, though not so strongly. A meiotic that is seldom used is known 
as arecolin (1%). The effect produced by meiotics does not last as long as that 
of atropin, but has usually passed away at the end of a single day. 



XIV 

Pareses of the Ocular Muscles 



145. The Normal Functions of the Extrinsic Ocular Muscles and 
the Cardinal Symptoms of Paresis of One of Them 

When a middle aged or elderly person complains that he has suddenly begun 
to see double, we are justified in a suspicion that he has a paresis of one of the 
muscles of the eye, and we need only to direct the patient to close one eye and 
then the other alternately in order to practically confirm or disprove this diag- 
nosis without any other kind of an examination. The diplopia disappears when 
one eye is closed, because it is binocular and due to the loss of equilibrium be- 
tween the eyes in paresis of the ocular muscles. We may readily convince our- 
selves that such a loss of balance may cause diplopia by looking at a light and 
pressing a finger against the side of one eye. 

Monocular diplopia, met with after injuries, in iridodialysis, in luxations of 
the lens, and also in incipient cataract, is due to the fact that the two images of 
the same object are cast upon the one retina and is differentiated from the dip- 
lopia caused by paresis of the muscles by its persistence when the other eye is 
excluded from the act of vision. 

So far the diagnosis is very simple, but we must make a much more careful 
examination of every case, for such pareses are of interest to the physician on 
account of their great importance in the neurological diagnosis, rather than 
because of these subjective troubles. 

The first question is : Which muscle is affected ? To answer this we need to 
review briefly the actions of the muscles of the eye and to refresh our memory in 
regard to some anatomical and physiological facts. 

Each eye is acted upon by six muscles : 1, The rectus externus ; 2, the rectus 
internus ; 8, the rectus superior ; 4, the rectus inferior ; 5, the obliquus superior ; 
6, the obliquus inferior. All of these, with the exception of the obliquus inferior, 
arise from the tendinous ring that surrounds the optic foramen. These muscles 
diverge as they pass forward and form a funnel which contains, in addition to 
the orbital fat, the optic nerve, together with the other nerves and vessels that 
supply the eye. The rectus externus is innervated by the abducens, the ob- 
liquus superior by the trochlearis, all of the others by the oculomotorius. 

The action of the individual muscles may be demonstrated on a manikin. 
That of the internal and external recti is the simplest. The external rectus runs 
parallel to the horizontal meridian of the eyeball, is inserted into the sclera about 
7 mm from the temporal margin of the cornea, and abducts the visual line. The 
internal rectus follows an analogous course on the inner side of the eyeball, is 
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inserted about 5 or 6 mm from the margin of the cornea, and adducts the visual 
line. 

The course and action of the superior rectus is different. When the eyeball 
is directed straight forward this muscle forms an angle of about 28° with the 
visual line, so it can elevate the latter without producing any other effect only 
when the eye is abducted this number of degrees. When the visual line is 
directed straight forward the eye is rotated inward at the same time that it is 
elevated by the muscle. The more the eye is adducted the greater is the inward 
rotation, or the more the inclination inward of the vertical meridian is increased, 
while the elevation produced is correspondingly decreased. The adducting power 
of the muscle is slight. 

The course of the inferior rectus is quite similar to that of its antagonist, 
the superior. It lowers the eye, but this depression is associated with no other 
effect only during an abduction of 23°. It rotates the vertical meridian out- 
ward, and this component of its action becomes greater the more the visual line 
is adducted, i.e., the larger the angle that is formed between the muscle and the 
visual line. In addition to this the inferior rectus exerts a slight power of ad- 
duction, the same as the superior. 

The superior oblique passes along the median wall of the orbit to the 
trochlea, where it describes an angle of 50° and passes laterally backward and 
somewhat downward to be inserted beneath the superior rectus behind the 
equator of the globe. We need to take into account only the portion lying be- 
tween the trochlea and the insertion in the study of the action of this muscle. 
When the eye is in the primary position it depresses and abducts the visual line. 
When the latter is abducted until it is vertical to the line of action of the muscle, 
the superior oblique can only rotate the upper pole of the eye inward, but when 
it is strongly adducted the sole effect that can be produced is a* depression of the 
visual line. 

The inferior oblique is the only muscle that does not arise from the origin 
common to all the others. It arises anteriorly from the lower wall of the orbit 
and passes over the inferior rectus backward, outward and upward. It lifts the 
visual line outward and upward from the primary position, and inclines the 
upper pole of the eye outward toward the temple. The lifting component is 
stronger than the rotating one when the visual line is adducted, while the oppo- 
site is true during abduction. So much concerning the individual actions of 
the muscles. 

We have yet to consider two questions before we return to the examination 
of our patient. 1, How do these muscles act in movements of the eye? 2, How 
do the muscles work together upon both eyes? 

In regard to the first question, we have only the external and internal recti 
to turn the eye to the right or the left, while two muscles act together to raise 
or lower it. The elevators are the superior rectus and the inferior oblique; the 
depressors are the inferior rectus and the superior oblique. The teleological im- 
portance of the associated action of the elevators and depressors is that we can 
raise and lower our eyes over the greatest part of the field of fixation, for at the 
moment when the action of one elevator or depressor upon the vertical position of 
the visual line is relaxed, during the lateral movements of the eyes, the effect 
produced by the other elevator and depressor is increased. In rotation of the 
eyes, on the contrary, these elevators and depressors, which work together, are, 
antagonists. The superior rectus and the superior oblique rotate the vertical 
meridian inward* while the inferior rectus and the inferior oblique rotate it out- 
ward. When the muscular balance is normal, this meridian remains perfectly 
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vertical when the eye is raised or lowered, as well as during purely lateral move- 
ments. 

All the muscles try to draw the eye somewhat backward, but this trac- 
tion is counteracted in part by Tenon's fascia, from which, in the region of the 
equator, numerous tags extend to the walls of the orbit and to the lids. 

How do the muscles of the two eyes work together? By means of the law 
that both eves are alwavs innervated at the same time. If we turn our eves to 
the right an equal impulse is communicated to the right externus and the left in* 
tenuis: if we look to the left the left externus and the right internus work to- 
gether. The tonicity of the acting muscles is increased, while that of their an- 
tagonists is relaxed. If we make a movement of convergence the two interni 
are uniformlv innervated, while the tension of the externi is relaxed. Our 
visual lines may also assume a rather divergent position, as has been shown in 
the determination of the negative convergence. All of the muscles are slightly 
tense when we are looking straight ahead. 

As regards the field of excursion, the visual line can be adducted and ab- 
ducted from 43 c to 50 c under normal conditions. Depression of the eye is 
rather greater, from 50 " to 60% while its elevation is much less, between 20" and 
50 \ depending on the relative position of the eyeball to the orbit. We call the 
entire space in which we can fix an object with both eyes the binocular field of 
fixation. 

Now we can return to our patient and to our first question: Which mus- 
cle is paretic? When a muscle is paretic the eye to which it belongs must 
naturally be retarded in its movements when called upon to move in its 
sphere of action. Hence, in order to ascertain whether a muscle is in 
this condition we have the patient keep his eyes fixed on an object, like a 
pencil* that is moved about in all directions, while we watch to see if we can 
detect any lagging behind on the part of one of them as they follow these 
movements. In this case the right eye is quickly seen to be very backward in 
abduction, so it is evident at once that the external rectus of the right eye is 
paretic. 

This is the first symptom of paresis of am ocular muscle, am impairment of 
m\*bilitn+ 

Another symptom has been brought out by this test. When the eyes are 
looking directly forward the right one does not seem to be directed exactly at 
the object of fixation* but to be deviated inward. This deviation of the affected 
eye is due to the fact that the tonicity of its antagonist overbalances that of the 
weak muscle; in this case the internal rectus overcomes the external rectus and 
dra*s the eve in*ard a little. This gives us the second symptom of paresis of the 
tvtJtir m*s\Us* the fHiretk strabismus. 

We must study this (tare tic strabismus rather carefully, for it differs in 
important particulars from muscular or concomitant strabcsmus. If we have 
our patient ri\ his eves on a light placed in front of him the positions of the 
reflections can be seen to be asymmetrical. The reflection on the left eye is a 
little to the median >ide of the centre of the pupil, on the right eye it lies to the 
outer >kk\ The \isual line of the right eye therefore passes to the inner side of 
the point of fixation and the eve deviates inward, because* as I saidL the internus 
preponderates o\er the paretic externus. 

We call the delation of the paretic eye the prircary deviation. When the 
patient looks toward the right the strabismus Nxvox* ccore and more distinct, 
because the farther the eve sltouM move in the sphere of the paretic nmsde the 
more it lag* behind* 
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This is the first priocipal difference between paretic and muscular strabis- 
mus : the deviation is apparent in all positions of the eyes in the latter, while in 
the former it increases as the patient looks in a direction in which action of the 
paretic muscle is called for, but disappears whenever he looks in a direction in 
which this muscle is not used. If our patient looks to the left no strabismus can 
be perceived, because in doing this he does not bring his paretic externus into 
action. 

Another important difference between paretic and concomitant strabismus 
is this : If we cover the healthy left eve of our patient and have him look at the 
light with his right, the covered left eye deviates inward much more than the 
right one did during fixation of the left. When he is compelled to look to the 
right with his weak externus he is obliged to send a more powerful impulse to 
this muscle than was necessary when the tract was intact. This stronger impulse 
is transmitted at the same time to the left interims, which is in a healthy condi- 
tion, so the left eye is forced to turn inward much more strongly and the sec- 
ondary deviation must be the greater. 

The primary deviation is due to a lagging behind of the paretic eye, plus 
the tonicity of the antagonist of the paretic muscle, the secondary to a powerful 
muscular contraction, hence, when we find the secondary deviation to be greater 
than the primary we know the case to be one of paretic strabismus, of muscular 
paresis. 

Xow we come to a symptom that the patient himself noticed, the one that led 
him to consult us — diplopia. It is self evident that the pareses of the individual 
ocular muscles have their characteristic double images, and that the muscle 
affected can be determined from their position and displacement. There is no 
sense in trying to learn by heart all the possible positions of the double images 
— they will soon be forgotten — they are all governed by the same law that we 
learned in the study of concomitant strabismus: - - - 

A pathological position of convergence of the visual lines causes homonymous 
diplopia, a pathological position of divergence, crossed diplopia. 

To demonstrate the position of the double images we place on our patient a 
trial frame, having a red glass before one eye to color the image of the light 
received by it. We will place the red glass before the right eye of our patient, 
and then he sees two lights — the red one to the right of the white one, which 
shows that he has homonymous diplopia. The explanation of this is that our 
retinal images originate from the opposite side of the room. If an object is 
situated to the right of the line of fixation of the right eye its image is formed 
on the inner portion of the retina. Inversely a stimulation of' this inner side of 
the retina is localized to the outer side. In the position of strabismus a retinal 
image is misplaced and is localized by the part of the retina affected as if the eye 
were in its normal position. The right eye of this patient deviates inward, and 
therefore the image it sees must be projected to the right. When the eyes are 
divergent the double image is projected to the nasal side and the diplopia is 
crossed. We can therefore say that in paresis of an ocular muscle the double 
image is projected in a direction opposite to that in which the eye deviates, or, 
what amounts to the same thing, in the direction in which the affected muscle 
would normally act. We can analyze the double images in a case of paresis 
of an ocular muscle bv means of this law. 

The three final symptoms with which we meet in paresis of the ocular mus- 
cles are connect ed'witjr the diplopia. This patient has stated that the images 
draw farther apart, or more closely together, according to the direction in which 
he is looking. External objects make apparent movements in front _qf his ews, 
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which sometimes make him quite uncertain in regard to them. A marked feeling 
of giddiness, which is very annoying, may be caused by this phenomenon. 

The double images also result in disturbances of orientation. As the dis- 
tance between them changes according to the direction of fixation, disappear 
in certain positions to reappear a moment later, the patient is finally unable to 
distinguish the real image from the false. One can easily fancy how trouble- 
some this faulty orientation may be when such a patient has to descend a flight 
of stairs. This disturbance may be proved by the touch test suggested by 
Graefe. I cover the left eye of the patient, hold my finger in front of him, some- 
what in the sphere of action of the paretic muscle, and ask him to grasp it 
quickly. He grasps to the right side of the finger. 

We may imagine the cause of this faulty localization to be that when we 
wish to fix on an object situated considerably to one side we must innervate the 
proper muscles very strongly. Inversely we know that when we need to use a 
strong impulse of innervation in order to find an object, that object is situated 
far to the side. The idea that our eyes give us of its position depends in great 
part on this feeling of the impulse of innervation that is sent to them. Our 
patient is obliged to think that his paretic right eye has turned far to the right 
because he has used a strong impulse of innervation. He cannot know that the 
conduction is interrupted, that the eye is no longer under control. He believes 
that the fovea of his right eye, upon which the picture of my finger is cast, has 
been moved far to the nasal side by the outward rotation called for, and there- 
fore projects the image of the object much too far to the right. We can say 
that the object fixed by a paretic eye is seen too far to the side toward which the 
paretic muscle normally turns the eye. 

The final symptom of paresis of the ocular muscles is the position of the 
head. Our patient shows a certain predilection to keep his head turned to the 
right. He evidently tries to keep his head in such a position that the double 
images will give him the least annoyance, and this is attained when the paretic 
muscle is called upon to act little or not at all in the fixation of an object. If 
he turns his head to the right he can look straight ahead and to the left without 
calling the paretic externus into action. This position of the head is often so 
characteristic that the physician can make the diagnosis as soon as the patient 
enters the room. These form the cardinal symptoms of an uncomplicated case 
of paresis of the ocular muscles. 



146. The Clinical Analysis of Paresis of the Extrinsic Ocular 
Muscles by the Aid of the Double Images, and the Most Im- 
portant Diagnostic Signs 

Our patient has complained for a long time of diplopia. Monocular diplopia 
is excluded, for it disappears as soon as one eye is covered, so we suspect the 
presence of a paresis of one of the ocular muscles, the cardinal symptoms of 
which are, 1, the impairment of mobility; 2, the paretic strabismus; 8, the di- 
plopia; 4, the disturbance of orientation; 5, the feeling of dizziness; 6, the 
abnormal position of the head. When we look for these symptoms in this patient 
we find only the diplopia, for the impairment of mobility and the paretic strabis- 
mus are as good as absent. This teaches us that the paresis may be so insignifi- 
cant that we cannot perceive it so to say macroscopically. In such a case as this 
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the double images form the finest kind of a reagent by means of which to analyze 
the paresis. 

L Analysis of Paresis of an Ocular Muscle by Means of the Double Images 

I can at least substantially demonstrate how we commence and proceed in 
such an analysis as this. We place on the patient a trial frame with a red glass 
in front of, for example, the left eve. He must hold his head still and follow the 
movements of the light by the movements of his eyes alone. He sees only a 
single light that has a rather reddish tinge everywhere, except when he looks 
toward the loft: then he sees distinctly two lights, one red and one white, the 
ret) one to the left. Now we know that he has homonymous diplopia which 
appears when he looks to the left. We have learned that homonymous diplopia 
indicates a pathological position of convergence, hence this pathological position 
must be present when his visual lines are turned to the left. Two muscles take 
part in this movement, the internal rectus of the right eye and the external 
rectus of the left, so one of these two muscles must be paretic. The position of 
the double images furnishes the differentiation between them, for if the internal 
rectus of the right eye were paretic the eyes would be divergent and the diplopia 
would be crossed: hence it must be the external rectus of the left eye that is 
affected. If this is so the strabismic deviation must become greater the farther 
the left eye is turned in the sphere of action of its externus, even though it can- 
not be distinctly seen objectively. The farther this patient looks toward the 
left the greater becomes the distance between the double images and tile more 
does the left eye lag behind in comparison with the right. 

In the majority of cases of paresis of the ocular muscles we can test still 
better the behavior of the double images and the angle of strabismus if we do 
not move the object of fixation, but turn the head of the patient, according to Che 
method of J)iVfccAoxji\*. A light is placed in front of the patient at the dis- 
tance of one metre and on a level with his eyes, which are kept constantly fixed 
upon it. If I turn his head to the left the muscles that turn his eyes to the 
right are called into action: if I bow his head the elevators act, and so on. 
When I turn his head to the left the distance between the two images decreases 
until thev blend, but if 1 turn his head to the ri^ht the distance between them 
constantly increases thus shoeing that one of the muscles that turn his eves 
to the left is paretic. As the diplopia is homonynicu* the adducting muscle is 
stronger than the abducting one, and therefore :t must be the left externus that 
is affected. 

It i* desirable to record the position of the. dccKe images in the different 
positions of the eyes. To do this we place the patient in front of the black- 
board and trark on it the positions of the «iouKc :::vip». It is not always as 
e<is\ to demonstrate the s\:v.ptosr.> of i>arvs:* of cr* aMucens as it is in this 
patient. There arc \er\ :v:*.d ca*es •:: *hvh tr.«? disturisince of equilibrium is 
kept latent b\ the m\ol;::ttar\ effort of :V.s:ov a:*o Srcor.xs nsanifest onlv in the 
peripheral ivrt:on% of the rx\d, i.e., •iv.i creat ,t*r\*M* are made upon the 
paretic twoe\\ The povtiov, of the heao. that is «rhj&r*cten$tic of parens is 
albert in >uch ea*ev The rvvarv dexiatw :"*v V* sc slight, evw in a total 
tvarvv* of an extort '.«■*, that ; t v^v. he ^"."^trateo. . % c*v with the aid of the 
do;:hv Ivm^s. Wo ^.t:x» therefore ev-v^r wS*t is the ca^ese of such variable 
VvC a\ v r on t he pa r t of the p r ■ :*■ a r v v\ \ ■ a t v~ 

If a patvn? *ith pa rev* of the \*ft aK:.\\-:> h*< K^rvcyaw* diplopia when 
h> e\e> are directed Ntrat^rht forward, ; : fo*v»s th.*t tbe visual fines intersect 
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in front of the light, and that a pathological position of convergence is present, 
which can only be Hue to an overbalance of the left interaus. This overbalance 
has frequently been spoken of as a secondary contracture, but this designation 
is only partially correct. Yft do not need much knowledge of the physiology 
of the action of muscles in order to be able to say that a contracture of its 
antagonist cannot take place the moment a paresis of an ocular muscle begins. 
We riii -peak of a secondary contracture only when the paresis is old, when 
sufficient time lias elapsed to allow anatomical changes in the structure of the 
antagonist to have been formed. In its early stages the primary deviation, the 

pi' I ilrrance of the antagonist, is caused by various nervous influences. The 

tonicity which, under normal conditions, maintains the tension of the ocular 
muscles is particularly to be taken into account. This tonicity may vary a 




Old Paresis of the Exterr 



Fig. 117b. 
nth Secondary Contracture of the Internua. 



great, deal; if it is very marked the primary deviation is considerable.if it is 
slight the angle of strabismus is small. 

It may he mentioned as a diagnostic sign of the purely nervous influences 
which cause the primary deviation that BieUthozi'xky demonstrated an increase 
of the tendon reflexes in cases that had a great degree of strabismus. Other 
factors also have to be taken into account, such as changes in the tension of all 
the ocular muscles when one of them is stimulated. As I have said, we should 
speak of "secondary contracture" only in very old cases of paresis in which the 
field of excursion has been considerably reduced. 

I wish to call attention to still another phenomenon that appears in the be- 
havior of the double images as the direction of fixation is changed. When our 
patient looks farther and farther to the left his left eye lags more and more 
behind, and the distance between the douhle images continually increases. We 
have assumed such to be the constant behavior of the double images in order to 
facilitate comprehension, but the conditions are rather different in reality. At 
first the lateral separation of the images increases the farther he looks to the left, 
then the increase stops, the interval remains constant and finally, if the point of 
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fixation is moved still more to the left, it decreases. The explanation of this is 
that the paretic muscle is still impelled by an impulse of innervation after the 
other eve has been prevented mechanically from responding to the innervation 
by the inhibitive effect of the ligaments of fascia, so that the paretic eve alone 
moves, and this must result in a diminution of the angle of strabismus. 

Another point is this: Although the extern us is purely a lateral rotator we 
cften see a slight displacement of the double images. This is because the tendon 
cf the externus is not always inserted with mathematical exactitude in the hori- 
zontal meridian of the eve, but a little above or below it instead, so as to exert a 
slight influence upon the vertical position of the eye and that of the double 
images. 

The raising or lowering of the visual plane exerts little influence on a paresis 
cf the lateral muscles: at the most the convergence decreases somewhat as the 
visual plane is raised and increases as it is lowered. Hence it is quite exceptional 
in a case of paresis of the abducens for a markedly lowered position of the 
head to be assumed in order to do awav with the strabismic deviation. 

A final point is that diplopia may be altogether absent in paresis of the ex- 
ternal rectus. This is the case when the involuntary effort of fusion is able to 
keep latent the paretic convergence in a trifling affection, even though the vision 
cf one eye has beccme very poor. Most persons with congenital paresis of the 
abducens have binocular single vision, because there is no contracture of the 
antagonist. They can maintain it throughout the greatest part of the field of 
fixation bv a little turn of the head. 

XL Diagnostic Signs of Fareses of the Extrinsic Muscles of the Eye 

Paresis of the Rectus Superior 

When the right superior rectus is paretic the visual line of the right 
eye is directed somewhat downward. If the patient looks up, the visual 
line of the right eye lags behind. This is most noticeable when he looks up and 
to the right, because the action of this elevator is greatest when the eye is 
abducted. When the right eye is compelled to fix by covering the left, the devia- 
tion upward of the visual line of the left eye is still more marked (secondary 
deviation). The double images are not of the same height, that belonging to 
the affected eye being the higher and at the same time converging toward the left. 
The difference in the height of the two images is greatest when the patient looks 
up and to the right. 

Paresis of the Rectus Intern us 

A patient with a paresis of the right internal rectus has a tendency to keep 
his head turned to the loft* because the activity of the muscle is thus avoided as 
much as possible ami he is able to have binocular fixation toward the right. 
When he holds his head erect ami looks toward the left his right eye lags behind 
and a strabismus di\ ergons paralyticus results. When the left eve is covered 
and the right is compelled to ti\, it make* a movement of adjustment toward 
the left, while at the same time the intact left eye assumes a greater degree of 
divergence, because the secondary deviation is greater than the primary. If 
the parois is sufficiently marked, the backwardness of the right eye on looking 
to the left can be distinctly perceived. As thi> is : i paretic divergent strabismus 
the images mu>t he crossed, while the distance between them must increase toward 
the left anil decrease toward the right. 
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Paresis of the Obliquus Inferior 

When the inferior oblique of the right eye is paretic that eye must turn 
downward. It scarcely rises at all when the patient looks to the left and up- 
ward, while it exhibits hardly any backwardness when he looks to the right and 
upward. Of the two elevators of the right eye only the one is affected which is 
most powerful in action during abduction. The higher of the two images be- 
longs to the right eye and is inclined to the right. 

Paresis of the Rectus Inferior 

When the inferior rectus of the left eye is paretic the visual line of that eye 
is the higher and its height must increase the more the eyes arc turned down and 
to the left. The depression of the abducted visual line is prevented. The lower 
of the two images belongs to the left eye and is inclined to the right. 

Paresis of the Obliquus Superior 

When there is reason to suspect that one of the two depressors of the right 
eye is paretic we must remember that the eye in the position of adduction is 
depressed almost altogether by the superior oblique, while in abduction the de- 
pression is produced by the inferior rectus. If the right superior oblique is 
paretic the visual line of the right eye deviates upward when the head is held 
upright. When the right eye fixes, the left line of vision deviates downward to 
a greater degree (secondary deviation). If we have the patient look down, the 
right eye distinctly lags behind the other, most markedly when he looks to the 
left and downward, because in this position the right superior oblique, which 
depresses the eye when adducted, fails to act. On the other hand no fault in 
position is perceptible when he looks upward and to the left, or downward and 
to the right. The lower of the two images belongs to the eye that is deviated 
upward. The distance between the two decreases as the eyes are raised, in- 
creases as they are lowered, and is greatest when they are directed downward 
and to the left. In addition to this the patient states that the images are some- 
what inclined toward each other, which shows that the vertical meridian of one 
eye has been rotated as the result of the deficiency of a muscle which acts, in 
part, to rotate the meridian. 

All these various characteristics of the pareses of the individual muscles of 
the eye cannot and need not be remembered. It is only necessary to be familiar 
with the principle that underlies the examination in order to be able to deal 
with these cases. Every case of paresis of an ocular muscle can be accurately 
analyzed, although the conditions are by no means always as simple as in the 
examples that have been given. In the first place, the paresis may be combined, 
several muscles being affected at the same time, and they are often of so fleeting 
a nature that the conditions may change within a short time. After a paresis 
has been in existence long, atypical clinical pictures may be produced, which 
depend on the following phenomena. 

The duties of fixation may be performed by the paretic eye, while the un- 
affected one may assume the secondary deviation of strabismus. Secondary 
contractures may form in the antagonists to the paretic muscles, while the 
paresis may increase or retrograde. 

I have still to demonstrate a case that presents a condition which every 
physician is able to recognize — complete oculomotor paresis. 
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The upper lid hangs down loosely — ptosis due to paresis of the levator. 
We lift the lid so as to be able to sec the eyeball, nod then find that the pupil is 
dilated and docs not react — paresis of the sphincter. The eve is adjusted for 
distance and cannot accommodate— paresis of the ciliary muscle. At the same 
time the eyeball protrudes somewhat from the orbit, because of the relaxation of 
the tonicity of the recti, which help to hold the eyeball in place. Finally the 
eye is deviated outward and a little downward because the two muscles that are 
not paretic, the external rectus and the superior oblique, draw the eyeball in tlu's 
direction. 






147. The Nerve Tracts for the Movements of the Eyes, and the First 
Clinical Problem in the Localization of the Focus of Disease in 
a Paresis of the Ocular Muscles 

In a neurological sense, the diagnostic value of every analysis of a paresis of 
the ocular muscles is that in many cases the focus of the disease may be located 
accurately by its aid. We will try to solve this problem of localization in the 
case we have with us today. 

The anamnesis furnishes nothing of importance. The patient is a strong 
man from the country, who smoked a good deal at one time until he had an 
attack of palpitation of the heart, with a feeling as of flies in his hands and 
pains in his temples. Improvement followed a reduction in the amount of his 
smoking. He is married and has healthy children. Ho shows no signs of syphilis 
and IVitsxermawt's test is negative. Eight weeks ago he suddenly noticed that 
everything appeared indistinct when he tried to read with his right eye. An 
ophthalmologist found a paresis of the sphincter of Ids right eye with a partial 
paresis of the accommodation. He then had an attack of influenza that kept 
him in bed for several days and after his recovery he found that bis visual 
trouble had grown worse. Things appeared still more blurred to his right eye 
and one day he noticed that he hud diplopia. This brought him to us. Six 
weeks ago we found that be had perfect vision of both eyes with no changes in 
the fundus, paresis of the sphincter pupillw and of the accommodation, together 
with ptosis and paresis of the superior rectus. The condition today is: Fundus, 
vision and visual field of both eyes normal; pupillary reactions of the left eye 
intact; almost total paralysis of the sphincter pupillie and of the accommodation 
of the right. Of the extrinsic muscles of the right eye the following are paretic: 
1, the levator, causing ptosis: 3, the rectus superior; 3, the rectus internus; 4, 
the obliquus inferior. A distinct advance in the paresis has taken place recently. 
for whereas at first only the muscles within the right eye were affected, now the 
levator, the superior rectus, the internal rectus and the inferior oblique are in- 
volved, I will now dismiss the patient and report the neurological condition. 

A medium sized, strongly built man, with good muscles and strong bones, 
complains of diplopia, Tongue extended directly forward dues not tremble and 
is freely movable. Hearing intact. All reflexes present, even the abdominal 
which are perhaps slightly weaker on the right side than on the left. Gross 
strength faultless. No ataxia. Tendon and skin reflexes all present No dis- 
turbance of sensation. Pulse 72-80, strong, regular. Nothing in particular to 
be noted in regard to the internal organs. No trace of Romberg, hops back- 
ward with great accuracy, faces about with precision. Very much depressed at 
the time of the first consultation, rather querulous, tears in his eyes, worried 
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about the future, very desirous of treatment. Today, after a good prognosis in 
the eye clinic, happy and cheerful, but always a critical judge concerning his 
own serious sickness. 

If we are to try to locate the seat of the paresis we must review briefly two 
subjects: 1, We must know the course of the nerve tracts that have to deal 
with the movements of the eyes: 2, we must ascertain to which group of pareses 
of the ocular muscles this case belongs, for each group has a certain character- 
istic imprint according to the scat of the lesion. 

I. The Course of the Nerve Tracts for the Movements of the Eyes 

The movements of the eyes are under the guidance of various centres. 
The centres of higher raak are situated in the cerebral cortex and in the in- 




FlG. 118.— Nuclei of the Muscles of the Eye, after Edinger. (From v. Mering't 
"Textbook of Internal Medicine.") 

tracerebral tracts that join the cortex with the nuclei of the ocular muscles, 
and pass through the internal capsule and the tegmentum. It has been ascer- 
tained that associated movements of the eyes can be excited from areas of the 
cortex of the frontal, temporal and occipital lobes of both hemispheres. 

The so called intermediate cells in the central tubular gray matter have an 
importance in the connection of the cortical tracts with the nuclei of the ocular 
muscles. This is the probable situation of the centres for the associated move- 
ments of the eyes. We know that the same tract runs through the posterior 
longitudinal bundle which regulates the concert of action of an externus with the 
internus of the other eye. 

The centres of lower rank are the nuclei of the ocular muscles. They are 
situated beneath the aqusductus Sylvii and in the floor of the fourth ventricle 
on each side of the raphe. The one placed most anteriorly is the nucleus of the 
oculomotor i us, which begins in the posterior part of the third ventricle and ex- 
tends beneath the aqua-duct us Sylvii to beneath the posterior pair of the corpora 
qua dri gem in a. 

Opinions are still much divided in regard to the details of the composition 
of this nuclear region. We do not yet know with certainty which of the indi- 
vidual groups of ganglion cells appertain to each of the muscles supplied by the 
oculomotor nerve. If we use as a basis the schematic delineation, as determined 
by fiernhetmer from his researches on monkeys, we find that the nuclei of origin 
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of those muscles that work in concert seem to tie together. The i 
appertain to the internal muscles of the ere. To these belong the paired, small 
relied median nuclei, which probablr gorern the movements of the pupils, and 
the single. large celled median nucleus, which is probablr the seat of the inner- 
vation of the accommodation. On each side of the median nucleus are gwmpa of 
ganglion cell- which contain the origins of the nerves to the extrinsic muscles of 
the eve. A knowledge of the anatomical fact that the nucleus of the oculomotor 
nerve receives nutrition from two separate vascular regions is necessary in order 
to understand rcanr of the pfcreses of the ocular muscles. The anterior portion 
receives it- blood from the arteria cerebri posterior, the posterior from the 
arteria basilari*. The fibres tl:at come from the nucleus of the oculomotor 
nerve pass downward through the cms cerebri, part going to one side, part to 
the other. 

Pupils 




Troch. Mia. 



Fig. 119.— Accommodation. Schematic Delineation of the Nuclear Area of tbe Oculomotor 
and Trochlear Nerves, after BeraAeimer. 

The nucleus of the troclilearis is situated just at the posterior end of that of 
the oculuiuoturius, beneath the posterior corpora quadrigemhia. The fibres of 
the troclilearis do not pass downward with those of the oculomotor nerve, but 
run in the opposite direction, upward and backward, into the velum mcduliare 
anticuni, whence thev pass tn the other side, loop themselves about the cerebral 
peduncle and then pass to the base of the brain. 

The nucleus of the ahdticciis lies much farther back, a little in front of the 
stria' medulla res, in immediate proximity to the nucleus of the facial nerve. The 
fibres of the nhdiicens pass downward between the bundles of the funiculi pyra- 
inidiiles and reach the surface of the brain at the posterior margin of the pons. 
The trochlear En and hIkIiutiin then pass forward and enter the orbit through the 
superior orbital (isMire. 

These nimtciinieul conilil ions enable the nature of a paresis of the ocular 
muscle to !»■ rnnipreheiiiled in niiiliv eases. 

When all nf the muwlen nf urn- nr Ixilh eves are paretic we call the condition ' 
ophthalmoplegia totalis ()|ihihalinn]ilegia externa is more common; in this the 
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extrinsic muscles are paretic while the sphincter pupillae and the muscle of ac- 
commodation continue to perform their functions. The reason for this is that 
the nuclei for the sphincter and the ciliary muscle lie farther forward and may 
not be affected by the lesion. Inversely we meet with ophthalmoplegia interna 
when only the anterior segment of the nucleus of the oculomotor nerve has been 
injured. 

« 

II. To What Group of Pareses of the Ocular Muscles Does the Case Now 

Undergoing Examination Belong? 

The site of the lesion may be anywhere along the entire nerve tract from the 
cerebral cortex to the peripheral termination in the orbit. In order to determine 
its situation in this particular case we need to inquire to which group it belongs. 
Pareses of the ocular muscles are divided into several groups for practical pur- 
poses, because they exhibit certain characteristics according to the site of the 
lesion, the most important of which are: 1, lesions of the centres of higher rank; 
8, hemiplegia alternans ; 8, orbital pareses ; 4, basal pareses ; 5, nuclear pareses* 

Group 1. Lesions of the Centres of Higher Rank 

It is very easily determined whether a lesion of the centres of higher rank 
is present, for experiment, clinical observation and pathology have taught us. 
that lesions in these centres do not cause pareses of individual muscles, but of the 
associated or conjugate movements. 

The Clinical Picture of Paresis of Associated Movements 

* 

The characteristic feature of this clinical picture is that the two eyes cannot 
be turned together in a certain direction. The concerted movement is absent, 
either up or down, to the right or the left, or the eyes may be unable to con- 
verge. Frequently the eyes move in the opposite direction. For example, if 
the eyes cannot be turned to the right when called upon to do so they may turn 
to the left, perhaps because of the preponderance of the other associated inner- 
vation, perhaps because of conditions of irritation. We call this condition con- 
jugate deviation. In such a case the eyes are characteristically deviated toward 
the side on which the lesion is situated. For example, if there is a lesion in the 
right hemisphere which has destroyed the tract for the turning of the eyes to 
the left, the eyes are drawn to the right. If such a lesion causes a hemiparesis 
of the left side, not only the eyes, but the head is turned to the right, toward the 
site of the lesion. We must notice in the second place, in the examination of such 
a case, that the internus that is affected functionates very well in convergence, 
although it cannot act in the conjugate movement of abduction. This is be- 
cause the tract for the innervation of convergence separates from that running 
to the corpora qiiadrigemina, which transmits the innervation for the lateral 
movements. This tract on the other hand may be affected alone, and then we 
have a paresis of convergence, while the lateral movement of the internus is 
intact. Such conjugate pareses, with or without conjugate deviation, occur 
with lesions in the crura cerebelli ad pontem, in the pons, in the corpora quadri- 
gemina, and in the thalamus opticus. Exceptions may occur to this rule, that a 
lesion above the nuclei of the ocular muscles causes only conjugate pareses, for 
cortical lesions may cause an isolated ptosis, e.g., in depressed fractures of the 
vault of the cranium. 
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Group 2. Hemiplegia Alternant 

The clinionl picture erf this paresis is characterized by the fact that an 
inability to look toward one side is associated with a paresis of the facialis or 
nbducens on the same side, and of the limbs on the other. In such cases we 
suppose the lesion to be in the pons, because at this place the decussating tracts 
for the lateral movements of the eyes and the facial nerve lie close to the pyram- 
idal tracts that do not decussate, and all these tracts may readily be destroyed 
by a single lesion. 

Another form of hemiplegia alternans is that in which the oculomotor nerve 
of one side is affected at the same time as the limbs of the opposite side. In 
such » ease we suppose the lesion to be in the lower part of the pedunculus 
cerebri. At this place the roots of the oculomotor nerve run close to the pyram- 
idal tracts, which pass over to the other side lower down, so that a lesion in the 
crus of the cerebral peduncle will paralyze the oculomotor nerve of one side and 
the limbs of the other. It is easily determined in any particular case whether 
any such clinical picture is present. Our oatient exhibits nothing of the sort. 

Group 3. Orbital Paresea 

Disease of the orbit, must be present when the lesion is situated therein. We 
look for pain, which may be spontaneous, or may be induced by pressure cither 
on the eyeball or on the margin of the orbit, for periostitis, or for inflammations 
starting from the accessory sinuses which may involve the nerves. Tumors must 
also be taken into account. But when there is no protrusion of the eyeball, no 
sensitiveness of the eye to pressure, and no choked disc, the pathological lesion 
that has caused the paresis is not in the orbit. The only question that can be 
raised is whether it may not be due to a peripheral neuritis, such as sometimes 
appears in the course of infectious diseases. 

Group 4-. Basal Pareaes 

We must determine whether the lesion is not situated at the base of the 
brain, where a great many morbid processes are met with, such as fractures of 
the base of the skull, the various forms of meningitis, tumors, periosteal troubles 
of manifold etiology, and vascular diseases. The following points in the differ- 
ential diagnosis of parescs of basal origin may be mentioned. The abducens is 
particularly apt to be affected in fractures, us it is very easily injured at the 
apex of the petrous portion of the temporal bone. Affections at the base of the 
brain must be thought of first of all when parescs of other nerves appear in 
rapid succession following those of the ocular muscles, especially of the optic, 
facial, trigeminal, and olfactory nerves. Many cases are mt't with in which it is 
difficult to decide whether the paresis is basal or not. 

When this question of differential diagnosis has been settled it still remains 
to Ik determined whether the condition is due to a lesion in the nuclei and roots 
of the ocular nerves. 



Group 5. Nuclear Pareae* 
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Characteristic Features of Nuclear Pareses 

1. The presence of ophthalmoplegia interna indicates that the seat of 
the lesion is in the nuclei. If we find the pupil and accommodation paretic 
and can exclude a peripheral cause, such as the action of atropin, a nuclear 
affection is probable. If the ophthalmoplegia interna is of one eye alone, cere- 
brospinal syphilis is suggested immediately. The paresis may be for a long 
time the only symptom of this disease. When both eyes are thus affected we 
question whether the cause may not be ptomaine poisoning from meat. If the 
accommodation alone of both eyes is paretic, postdiphtheritic paresis of the 
accommodation is primarily suggested. 2. Bilateral ophthalmoplegia externa, 
paresis of all of the extrinsic muscles with the internal muscles intact, also 
indicates that the lesion is situated in the nucleus. 3. The same situation 
is indicated when isolated pareses of the ocular muscles occur in patients with 
a high degree of arteriosclerosis. The lesions in such cases are usually little 
hemorrhages by which the ganglion cells have been demolished. 4. Finally 
the lesion is situated in the nuclear region when, as in this patient, first the 
internal muscles and then the external muscles become involved systematically 
one after another in an order corresponding to the results of anatomical^and 
experimental research. 

If, on the other hand, all the branches of the oculomotor nerve on one side 
are paretic the site of the lesion may be elsewhere. The oculomotor nerve 
arises from cells of the same and of the opposite side. The lesion may be in 
the nuclear region in ophthalmoplegia totalis, or it may be at the basis cranii. 
Basal affections are met with even in pareses of single branches of the oculomo- 
torius. The cause of an ophthalmoplegia totalis may also be found within the 
fissura orbitalis superior. 

When all of these differential characteristics are taken into account no doubt 
remains that the lesion is situated in the nuclear region in this case. The 
diagnosis made in the neurological clinic was that of an encephalitis in the 
anterior portion of the oculomotor nucleus. 



148. Etiology and Differential Diagnosis of the Ophthalmoplegias 

We will now study another case of paresis of the ocular muscles, and bring 
out another point. We wish to know in every case of this nature not only 
which muscles are paretic and whether the paresis is of cortical, orbital, basal, 
or nuclear origin, but we wish also to try to ascertain something concerning its 
etiology from the peculiarities presented, whenever possible. The standpoint 
varies as the paresis is considered by the neurologist, or the ophthalmologist. 
In the eye clinic we first try to trace the etiology from the ocular symptoms 
themselves. For this purpose we gather together the factors of differential 
diagnosis that enter into the question. It is self evident that such a differential 
diagnosis, based wholly on the eye symptoms, has narrow limits, and that 
attention must be paid to the organism as a whole. We must learn to recognize 
these limits and therefore we will discuss the differential diagnosis of a paresis 
of the ocular muscles and see how far we can attain toward a diagnosis of its 
etiology. 

This patient has a paresis of all the external muscles supplied by the right 
oculomotor nerve. The internal muscles of the iris and ciliary body are intact. 
The rectus externus and the obliquus superior perform their functions. I will 
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omit the anamnesis and the description of the neurological condition, in order 
that we may have practice in the consideration cf the most Tarring etiological 
factors. 

This is a case of ophthalmoplegia, by which we understand a syndrome 
dependent on a disease of the posterior and middle brain, that is of the medulla 
oblongata, pons, floor of the aqusductus Sylrii, and posterior part of the third 
ventricle. Ophthalmoplegias may be due to the greatest variety of causes, and 
are cf equal importance in ophthalmology and neurology. They may affect 
both eves or onlv one. When all the muscles of the eve are involved we call it 

• • • 

ophthalmoplegia totalis: when only the externa] muscles are affected, ophthal- 
moplegia externa : when the internal muscles alone are paretic we have either a 
bilateral or a monolateral ophthalmoplegia interna. 

Although cortical and orbital pareses are comparatively easy to recognize 
the differentiation between a basal and a nuclear origin is frequently very dif- 
ficult. The indications that the seat of the lesion is in the nuclear region have 
been given already, but when we are able to say that the lesion is at the 
nucleus our diagnostic duty is not completed, for we have still to trace the 
cause of the paresis. Therefore the question is raised again: What can the 
ophthalmologist contribute to the neurological diagnosis when we suppose an 
ophthalmoplegia to have a nuclear origin? I have drawn up the following 
table of the nuclear ophthalmoplegias to facilitate the investigation. 

Ophthalmoplegias 



L Coageaital Ophthalmoplegia. IL Acquired OpatkahMpkgia. 



A. Acute aad & Cfcraaic Ophthalmoplegia 

Sabacnte OphthahMplegia. 

I I 



, ^ 

Due to As an In Dfcfuffw In Tabes In Jam- 

Intoxication Infection Ttmomat^D Isolated of the Bulb and dow'a **• 

and Ante- Piniuaain cam and 



It is determined very quickly from the history whether an ophthalmoplegia 
of nuclear origin is congenital or acquired. 

I. Congenital Nuclear Ophthalmoplegia 

The congenital form presents the picture of ptosis and ophthalmoplegia 
externa with preservation of the innervation of the muscles within the eye. 
Heredity plays an important part in its causation, and it frequently happens 
that several members of a family exhibit analogous motor disturbances. It is 
apt to be accompanied by other congenital anomalies of the eye, such as 
nystagmus, or cpicanthus, as well as by malformations in other parts of the 
IhhIv. Generally it is a si^n that the paresis is congenital when the patient 
has no diplopia, and the secondary deviation of the other eye is imperfect when 
the paretic one lives, l'athologically these congenital pareses are caused pri- 
marily by an aplasia of I be nuclei of the ocular muscles involved. Congenital 
ophthalmoplegias differ from the acquired also in that they present a stationary 
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clinical picture and are not the precursors or components of other diseases of 
the central nervous system, as is often the case with the acquired forms. 

IL Acquired Nuclear Ophthalmoplegias 

Our next question is : What can cause a nuclear ophthalmoplegia ? 

The large group of acquired ophthalmoplegias may be divided into two 
sections: the acute, or subacute, and the chronic, or chronically progressive, as 
a rule. Therefore we need at once to inquire : Does the ophthalmoplegia belong 
to the acute, subacute, or chronic form ? The advantage we gain by this is that 
we are guided immediately to the etiology, for we must take into account such 
diseases as tabes, general paralysis, multiple sclerosis, diseases of the medulla, 
nuclei, and anterior brain, exophthalmic goitre and diabetes in a chronic oph- 
thalmoplegia, while intoxication, infection, or traumatism is the cause of an 
acute or a subacute attack. 

A. Acute and Subacute Ophthalmoplegias 

The first question in a case of this nature is whether it is due to intoxication 
or infection. 

1. Ophthalmoplegia from Intoxication 
We have to take into account 

fl. ALCOHOLISM 

According to Wernicke the condition in these very serious cases is one of 
the consequences of a polioencephalitis acuta hemorrhagica superior. The 
paresis is accompanied by grave cerebral disturbances, cloudy consciousness, 
delirium, dizziness, headache, atactic troubles and staggering. The disease is 
fatal in the overwhelming majority of cases. Numerous punctate hemorrhages 
may then be found in the region of the central tubular gray matter of the third 
and fourth ventricles and of the aquaeductus Sylvii. The severity of the clinical 
picture, especially of the central general disturbances, is very marked. One 
characteristic of this form of ophthalmoplegia is that ptosis is comparatively 
often absent, and that the sphincter pupillae and the accommodation remain 
intact, as a rule. We may conclude from this that the most anterior part of 
the oculomotor nucleus, in the posterior portion of the lateral wall of the third 
ventricle, is usually protected from the acute process. Sometimes we may find 
ophthalmoscopically optic neuritis with hemorrhages in the retina, but the pale- 
ness of the temporal side of the papilla should be particularly noticed; this is 
to be referred to the alcoholic amblyopia. According to t Uhthoff this paleness 
of the temporal side of the papilla is to be seen in about ten per cent, of the 
cases of chronic alcoholism. 

6. OTHER FORMS OF INTOXICATION 

Ophthalmoplegia is met with in rare cases of carbonic acid poisoning and 
after snake bites. It also occurs in chronic lead poisoning. The grave acute 
cerebral symptoms may be absent in these cases, while headache and con- 
vulsions may be present. The paresis differs from that of alcoholism in that 
the internal muscles may be involved. It is rarely that all the muscles of the 
eye are affected, and a neuritis can be found more frequently with the ophthal- 
moscope. 
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Botulismus is the principal one of these forms of intoxication that causi 
ophthalmoplegia. Grave conditions develop in the course of ptomaine poi-ot 
ing> in nest* itnil^a, fifth* iivlir-, nmssela, cheese, etc., in which pai 
ocular muscles are prominent. The etiology of these forms of poisoning varii 
a great deal, hut in true botulismus the condition is due to the virus of a 
anaerobic, spore hearing bacillus that was discovered hy raw Ermmgem an 
has been named bacillus botulismus. I was the first in Germany to cultivate th 
bacillus from a case of ptomaine poisoning with ocular troubles caused by 
Tlits anaerobic bacillus in suitable nutritive media forms a dangerous toxinc 
I nili.mv. 

The characteristics, on the part of the eyes, presented by this form of poi 
oning are as follows: Ophthalmoplegia interna: the pupils are dinted and (!• 
not react to light, the accommodation is paretic. This paresis of the intern* 
muscles of the eyes is always bilateral, sometimes that of the accommodation B 
mains partial. In addition these patients have ptosis of both upper lids, whic 
give- then) ft peculiar appearance. Other muscles of the eye may or may M 
be involved, according to the' severity and duration of the disease. The bilatcn 
ophthalmoplegia interna with ptosis is the important feature. Morbid ehanm 
in the optic nerve and retina are absent. It is easy to recognize this form t 
ophthalmoplegia when the general symptoms of the intoxication are Liken ini 
account. The patients complain of depression, headache, and particularly 
difficulty in swallowing and of dryness of the throat. They may have dinrrl 
or constipation, and they have difficulty in breathing. The genesis of tl 
disease lias been explained by experimental research, van Ertncngem was abl 
to produce the dilatation of the pupils in monkeys by overfeeding them with tl 
toxinc of the bacillus botulinus, and then, together with Marinetco, found dl 
generations of the ganglion cells in various nuclei in the medulla. Krmpiu 
and Pollack likewise demonstrated signs of degeneration of the anterior horns c 
the spinal cord. I have proved that the ophthalmoplegia actually has its see 
in the region of the oculomotor nucleus by experiments conducted together wit 
Slau. in which we treated monkeys with toxoid holding botulismus toxines. W 
found distinct, .discrete degenerations of the ganglion cells, especially in th 
single large celled median nucleus of the oculomotor nuclear region. 



ind Subacute Op/ltlialmopleg 



Infcci 



i Diseases 



In the great majority of cases diphtheria causes simply a hilateral pares! 
of the accommodation. This is so common and so important a condition tl 
we will devote special attention to it as soon as a case presents itself. We cs 
not pronounce tliis an ophthalmoplegia in the sense in which we are using t 
term. In the differential diagnosis of a bilateral, multiple paresis of the ocula 
muscles it is important to know that a marked ophthalmoplegia externa does 
occur after diphtheria, though rarely. One case of postdiphtheritic ophthal 
moplegia may perhaps be met with among several hundred cases of postdiphthe- 
ritic paresis of the accommodation. It is characteristic of this form of ophthnl 
moplegia that the reaction of the pupil to light is preserved. Pareses of the 
ahducens nfter diphtheria are more frequent than ophthalmoplegia. We explai 
the postdiphtheritic affection of the ocular muscles as due to a primary lesior 
of the nucleus. We shall return to this subject at another time. 

Influenza may cau*c an ophthalmoplegia which is very similar to that pro 
duced by diphtheria. The external muscles of the eye and the accommodatior 
may be affected, wliile the reaction of the pupils is retained, or, in other c 
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the sphincter pupillse may be involved* A bilateral paresis of the accommoda- 
tion may be present alone, or associated with paresis of the sphincter. There 
is no certain rule in this respect as regards influenza. Cases of ophthalmoplegia 
of one eye following influenza have been reported. The reason the clinical pic- 
tures have so many forms is that both polioencephalitic processes and periph- 
eral polyneuritic changes may be the cause of the paresis in influenza, while in 
diphtheria we have to suppose that the lesions are nuclear. 

Other infectious diseases in which such bilateral ophthalmoplegias have been 
observed are typhoid fever, varicella, septicaemia, and miliary tuberculosis. 

It is of diagnostic interest to know that such grave ophthalmoplegias are 
extremely rare after colds. Pareses of individual muscles, such as the abducens, 
are more common. Above all it should be strongly emphasized that an acute or 
subacute ophthalmoplegia due to syphilis is extraordinarily rare. It is quite 
otherwise in chronic progressive ophthalmoplegia, especially when the pareses 
are associated with other diseases of the spinal cord. 

8. Acute Ophthalmoplegia ajler Traumatism 

Finally we have to remember that occasionally hemorrhages or softenings in 
the region of the nuclei of the ocular muscles may be caused by traumatism to 
the skull, even without fracture or lesions at the base of the brain or in the 
orbit, and that these may produce an acute or subacute ophthalmoplegia. These 
nuclear pareses of the ocular muscles after injuries to the skull are . certainly 
much more rare than those of a basal or peripheral origin, and in making this 
diagnosis we must exclude the presence of fracture of the skull and of basal 
pareses of other nerves. Bilateral paresis of the abducens is frequently of basal 
origin. In many cases late apoplexies following an injury to the skull may 
cause a nuclear ophthalmoplegia by producing foci of softening in the region 
of the nuclei. 

Thus it is usually possible to determine the etiology by differentiation in a 
case of acute or subacute ophthalmoplegia, yet I cannot deny that there is quite 
a number of such conditions in which no etiological data can be secured, in spite 
of all our efforts. Sometimes the ophthalmoplegia exists alone, in other cases 
other pareses are added. We may then suppose that diffuse enccphalitic 
changes, or hemorrhagic softenings are present, but an accurate diagnosis can- 
not be made. Still I believe that this schematic classification of acute and sub- 
acute ophthalmoplegias will prove useful in tracing back their etiology. 

B. Chronic Ophthalmoplegias 

If we are able to exclude acute or subacute ophthalmoplegia by the history 
and examination, the probability increases that we have to deal with a case of 
the chronic form, and the following is worthy of note from the standpoint of the 
ophthalmologist. 

1. Chronic, Progressive Ophthalmoplegia as an Isolated Clinical Picture 

A chronic, progressive ophthalmoplegia may occur without any complication 
on the part of the nervous system. The case is then one of bilateral ophthal- 
moplegia externa, with a moderate degree of ptosis, which begins in young per- 
sons and increases slowly, with remissions in the course of years. The ptosis 
does not always appear at the same time in both eyes. The branch of the facial 
to the eye is frequently involved. No morbid changes are to be found with the 
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ophthalmoscope. This isolated and uncomplicated form of chronic progressive 
ophthalmoplegia is rare, and we have to question in any particular case whether 
the condition is not associated with other diseases of the central nervous system. 

2. Ckrvtu' Pngrcssire Ophthalmoplegia in Connection with Diseases cf the Medulla and 

Anterior Brain 

m 

The association is most striking when the chronic ophthalmoplegia is com- 
bined with the diseases of the medulla and affections of the anterior brain. The 
most common cases are those in which symptoms of bulbar disease are present. 
In these the nuclei of the ocular muscles mav be affected first and the troubles in 
mastication and swallowing appear later : the symptoms of bulbar paralysis then 
point the way at once to the diagnosis. In other cases symptoms of disease of 
the anterior brain, pareses of the limbs and of the muscles of the trunk, are 
added to those of the bulbar paralysis. 

3. Connection of Chronic Ophthalmoplegia with Tabes and Progrtssire Paralysis 

Chronic ophthalmoplegia is much more frequently a warning sign to the 
physician that other diseases of the central nervous system are present. Indeed 
we can say that this is true in most cases. When ice meet vith a case of chronic 
progressive ophthalmoplegia tee must think first of tabes, for it has been proved 
that this is the accompanying disease in more than three fourths of all cases* 
Next comes progressive paralysis accompanying tabes in about 14% and occur- 
ring alone in about 7?< . This fact is of the greater diagnostic importance, as 
the ophthalmoplegia sometimes precedes the appearance of the tabetic and para- 
lytic symptoms by several years. Two other symptoms that the ophthalmologist 
has abundant opportunity to establish are the progressive atrophy of the optic 
none and the disturbances in the reactions of the pupils. Progressive optic 
atrophy occurs in more than a third of the cases of tabetic ophthalmoplegia, so 
a combination of these two conditions renders the diagnosis of tabes very proba- 
ble. If in addition the patient has a reflex immobility of the pupils, the diag- 
nosis of tabes is as good as positive, for this pupillary disturbance is present in 
more than three fourths of the cases of tabetic ophthalmoplegia. For this reason 
the condition of the optic nerve and of the pupil are of great value to the neu- 
rologist. Tabes leaves the other diseases of the spinal cord far behind as regards 
the frequency with which it is found in connection with progressive ophthal- 
moplegia, which occurs but rarely and exceptionally in syringomyelia, paralysis 
agitans and the combined systemic disease of the posterior and lateral col- 
umns of the spinal cord. It also plays a very subordinate part in disseminated 
or multiple sclerosis; according to Vhthoff it is met with in only about 2% of 
the cases. 

If none of the causes that have been mentioned apply to the particular case 
the physician must remember that exophthalmic goitre and diabetes may give 
rise to Niich a paresis in rare instances, although the occurrence of nuclear oph- 
thalmoplegia must ho looked upon as exceptional in both of these diseases. Indi- 
vidual muscles are more commonly affected. Pareses of the ocular muscles occur 
in about 5% of the cases of diabetes. In rare cases a nuclear ophthalmoplegia 
may appear periodically : sometimes the recurrences take place at regular inter- 
yak Finally I wish to emphasize the fact that a complete, purely unilateral 
ophthalmoplegia cannot he of nuclear origin, for it may now be considered as 
certain that the fibre* of the trochlears undergo a total decussation, while those 
of the oculomotoriuH decussate partially. 
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140. Acquired Ptosis and Its Differential Diagnosis 

A short time ago this patient noticed a drooping of his upper eyelids, and 
now he has a ptosis of each eye\ Hitherto he has been in perfectly good health. 

By ptosis is meant a drooping of the upper eyelid due to a paresis of the 
levator palpebral superioris, a muscle which is supplied by the oculomotor nerve. 
It may be affected alone, or in combination with other muscles of the eye, but 
the ptosis is always the most striking symptom. 

Such a drooping of the upper lid may not be caused by a paresis of the 
levator, but may be due to other causes. Thus, trachoma may make the lid 
abnormally heavy by the thickening of the conjunctiva and so produce a sort of 
ptosis. Such a condition must be excluded primarily in making the diagnosis 
of paresis of the levator. We must also exclude a ptosis caused by an affection 
of another nerve. I have already spoken of Horner's symptom complex, in 
which a moderate degree of ptosis is produced by paresis of the oculopupillary 
fibres of the sympathetic, but it must be remembered that a paresis of the 
levator may be either organic or functional and that, before we can proceed to 
investigate the organic cause of a ptosis, a condition must be excluded which 
gives rise to a functional paresis. This condition is hysteria. 

A lax ptosis is not rarely met with in hysterical persons who may present 
other ocular symptoms of hysteria, such as amblyopia and contraction of the 
visual field. This form may develop very gradually, or may appear suddenly, 
and is quite amenable to suggestion. Another form of hysterical ptosis is caused 
not by paresis of the levator, but rather by a contraction of the palpebral por- 
tion of the orbicularis. This form is known as ptosis pseudoparalytica, or 
spastica. Like the other it may be accompanied by other ocular symptoms of 
hysteria. A diagnostic point is that this spastic ptosis is almost always con- 
fined to one eye, while the relaxed hysterical form is usually bilateral. There 
is no reason to suspect the presence of such a functional, nervous disturbance in 
our present case, so we can now begin to inquire into the causes of the ptosis 
along the following lines. 

Paresis of the levator may be of cortical, subcortical, nuclear, fascicular, 
peripheral, or muscular origin. It might therefore be questioned whether a 
sign could not be found in the clinical picture that would give an indication as 
to the site of the lesion, from which we might be able to determine the etiology, 
but this anatomical way is only partially useful t6 the practical diagnostician, 
as I can show by an example. It is to be assumed a priori that the levator 
palpebrae has a cortical centre, for its function is intimately associated with the 
activity of the cortex of the brain. Every morning, on awakening, the eyes 
open, the light enters and then the activity of the cerebral cortex begins. 
Hor&ley and Schaefer have proved by experiments on monkeys that a centre for 
the movements of the eyes is situated in the first and second frontal convolutions 
of these animals, but we know nothing accurately as yet in regard to the cortical 
centre in man, for even the numerous cases in which circumscribed lesions of the 
cerebral cortex have been verified by autopsy have given us no positive informa- 
tion as to its locality. Probably it lies in the superior parietal convolution, or 
angular gyrus. It is extremely uncertain that a purely cortical ptosis has ever 
been seen, and our knowledge concerning the subcortical tracts of the levator is 
still more inaccurate. We may therefore exclude this group from our differential 
diagnosis. We cannot determine from an acquired ptosis alone whether it is 
of muscular, fascicular, peripheral, or nuclear origin, we have to seek assistance 
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from the accompanying conditions. It can only be said in general terms that 
a complete ptosis is usually the result of peripheral paresis, and that we fre- 
quently meet with nuclear parcscs in incomplete ptosis. Distinguished neurol- 
ogists maintain that we have as yet no absolutely positive indications of a nuclear 
paresis, and we must not Forget that in most of these cases it is much more 
important to the patient that we should diagnose the nature of the disease, 
rather than its situation. Every candid physician knows that much that U 
proudly termed diagnosis in the field of the central nervous system is only con- 
jecture. If, in spite of these difficulties, we wish to analyze the condition of 
ptosis accurately and utilize it for purposes of differential diagnosis, we must 
clinically as well as anatomically, and ask: What diseases arc 
chiefly responsible for the development of ptosis? I have combined these two 
- in the plan of differential diagnosis that I have outlined and will 
folio* in the examination of our patient. 

Differential Diagnosis of Ptosis 

1. Organic paresis of the levator or not? 2. Ptosis, congenital or acquired? 
3. Ptosis due to acute intoxication or infection? i. Due to injury? 5. Due to 
syphilis? 6. Due to some other disease of the central nervous system? These 
are the six major questions to be discussed in the differential diagnosis. 

First question: Organic paresis of the levator or not? We have to decide 
whether we can exclude a functional disturbance due to hysteria. 

If the case is one of true ptosis due to organic disease we come to the second 
: Is the condition congenital or acquired? We shall soon stud] COD- 
genital ptosis and learn its operative treatment. It is practical common sense 
to ;isk the patient this question at the outset, for the congenital form fa the mart 
common type of paresis of the levator. The differentiation is thus n 
quickly. 

, Third question: Has the patient been suffering from an acute intoxication, 
or infectious disease? Whenever I ain called upon to investigate a case in which 
the levator is paretic I ask this question as soon as the fact of paresis has been 
established, because it always seems natural to do away at once with the factors 
that arc rare and in all probability not to be taken into account. 

Ptosis in Infectious Diseases 

This is met with very rarely. When only a single case due to diphtheria 
occurs among over 1,000 cases of that disease, and among more than 150 cases 
of postdiphtheritic paresis of the accommodation, the diagnostic value of the 
symptom is not great. Postdiphtheritic paresis in the eye usually takes the 
form of paresis of the accommodation with the sphincter not involved. The ex- 
ternal rectus is thi' most frequently affected of the extrinsic muscles of the eye. 

Tin' condition is similar in epidemic cerebrospinal meningitis, the ahducens 
is frequently affected, the levator rarely. Ptosis is likewise extremely rare after 
influenza, measles, typhoid fever, pneumonia, and rheumatism. A sort of ptosis 
can In- produced in facial erysipelas by the increase in volume of the lid caused 
bj extension of the inflammation to the skin, but a paresis of the levator is rarely 
seen. The preceding infectious disease gin-- us the clue in all of these cases. 

Ptosis in Intoxications 

Ptosis occur* in quite a number of cases of polioencephalitis hsfmorrhagica 
superior. An acute ophthalmoplegia externa develops in chronic alcoholics, to- 




PTOSIS AFTER TRAUMATISM 



617 



getlier with stupefaction anil delirium, to which may Ijc added optic MUfltjS, Di 
partial optic atrophy. In such ■ ease the history and the genera] appearance 

indicates the cause at once. Another form of acute poisoning in which fit 
frequently occurs in connection with Bphthsumoplegi 
in- ptomaine poisoning, which we havi 
more rarely in lead poisoning. 
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Ptosis after Traumatism 

Fourth question: Has the patient suffered an injury? When, from the 
statements of the patient, an injury appears to have been the cause of the 
ptosis «e follow the anatomical path of investigation, for a traumatic ptosis can 
be caused only by a direct injury to the levator, or to the orbital brandies of its 
nerve. I cannot specify all kinds of injuries, 
but will simply mention ■ few example*. 

Whell B contusion, like the blow -if ;l fiat, 

falls upon the upper lid, (he muscle and its 
nerve may he crushed and so a pto>J« may 
}"■ caused. The muscle itself, or its inser- 
tion into the tarsus, may be divided in stab 
or >hn! wounds. Hemorrhages beneath the 
skin, or entering the upper lid from the orbit, 
may press Upon the levator or its nerve. 
Midi hemorrhages in the orbit may origi- 
nate from a laceration of the orbital vessels, 
or from a fissure of the orbital wall. In the 
case of an isolated fracture of the wall of 
the orbit, or of a fracture of the base of the 
skull, the blood oozes through the orbital 
fat forward and appears first as an ecchy- 
mosis in the conjunctiva, In such a ease the 
blood may exert so much pressure on the 
muscles and nerves as to produce a paresis 
of all the external muscles of the eye, while 
the internal ones remain unharmed. The 
suffusion of the conjunctiva and of the lids 
appears sometimes several days after the injury, and snmetimes quickly. 

Paresis of the levator, usually associated with that of the superior rectus, 
caused by delivery with forceps is orbital in most cases, but it may he due to 
traumatic lesions of the trunk of the oculomotor nerve, or of its cortical or 
nuclear centres. 

The oculomotorius may be injured in the cavernous sinus when the internal 
carotid is torn in a fracture of the base of the skull; a pulsating exophthalmos 
With ophthalmoplegia and ptosis then develops. The oculomotor nerve itself 
may he torn at the base of the skull, as it is considerably endangered in its 
course along the petrous portion of the temporal bono, so thut it, as well as the 
abducent, may be crushed in a fracture of the base through this region. Even 
if it i> not torn (he trunk of the oculomotor nerve may be compressed bv hemor- 
rhages in such a fracture, and it happens not so very rarelv that a ptosis with 
dilatation of the pupils, paresis of the bypogloasus and pares'is of the pharyngeal 
reflexes, calls attention to the fact that a fatal purulent meningitis has de- 
veloped. 




PTOSIS DUE TO SYPHILIS 



lOt * ptosis anil oilier pareses of the ocular muscles mav have a 
r origin after an in) ury to the skull. Foci of softening are f n 
famd after such injuries. Punctate hemorrhages which turn into softenings 
HT be situated in the region of the nuclei of the nine of the muscles of the 
Mt, but, to diagnosticate a traumatic nuclear pa re* if as the cause of a ptosis, 
an orbital paresis and a fracture of the base of the skull must be excluded. It 
is an interesting fart that diabetes forms an addit ton.il symptom of such a trau- 
matic nuclear paresis. 

It is a matter of great legal importance that late traumatic apoplexies can 
take place a long time after an apparent recovery from a grave injurv to the 
all 
Finally, the cortical centre of the levator can he affected in a traumatic soft- 
jf of the cortex of the brain. Such cases hare been observed in whi 
has followed a depressed fracture of tlie vault nf the skull. It is worth taking 
the trouble to determine whether the det ri o p* - 
ment of n ptosis is due to an injury ur nut. 

Fifth question: Is syphilis tin 
the ptosis? I advise that flit- question be c 
side red as soon As acute infection, 
and injurv have been excluded. ! 
disease bv which the oculomotor nenf i 
frequently affected. If any indication nf vypln 
lis is present «c see rise before our 
the entire tract of the oculomotorius. fur 1 
may be situated at any point from < 
end of the tract to the other, and there are 
many symptoms to which the ptosis may call 
our attention. Clinical and pathological : 
search has given us the following: 

Ptosis Due to Syphilis 

The swelling and weight caused by g I 
sitis luetica may cause the lids to droop: t 
Is .1 sort of pseudoptosis. Gummatous j 
titis of the margin of the orbit is much more common. As such a swclli; 
develops it causes the lid to droop, partly by the thickening produced, part! 
by pressure upon it. If the gummatous mass extends more deeply into t 
orbit, involves the muscles and compresses the nerves, an exophthalmos > 
restricted mobility is formed; deuce we must think primarily of syphilis » 
ire see such an exophthalmos with ptosis. If the gummatous prod - 
into the depths of the funnel of the orbit, where the motor nerve trunk- I 
close together, all the nerves of the eye will be affected. It is therefore i 
portsnt to know that an isolated total paralysis of the oculomotor nerve, 
which our attention is called by the ptosis, cannot be due to an affection i 
the orbit if the trochlearis and al ducens are unimpaired. 

Another favorite scat of syphilitic inflammation is the tissue in the super! 
orbital fissure, win re the nerves that pass through the oculomotorius, the tri 
learis, the abdiicons, ami the upper branch of the trigeminus, may receive e 
ccedingly severe injuries. In such eases a complete ptosis suddenly appears, t 
gcthcr with paresis of the internal and externa] muscles of the eye and s loss 
the sensitiveness of the cornea, conjunctiva, and other regions supplied by I 
find branch • f It"' trigeminus, As the process takes place near the optic for.. 




Fig. 121.— Ptosis of One Eye. 



PTOSIS DUE TO SYPHILIS 619 

men it is apt to involve the optic nerve and to cause amblyopia or amaurosis. 
Exactly the same clinical picture may be produced when a gummatous basal 
meningitis extends to this place. The physician should always think of periosti- 
tis in the superior orbital fissure whenever the ophthalmic branch of the tri- 
geminus is involved, together with the oculomotorius, trochlearis, abducens and 
opticus, while the infraorbital nerve is unharmed. The ptosis is always complete 
and is never absent when the oculomotor nerve is involved in any of the diseases 
of the orbital fissure. 

The most common form of cerebral syphilis is the gummatous meningitis of 
the base of the brain. We must therefore consider whether the ptosis and its 
accompanying syndrome is not caused by this disease. The trunks of oculo- 
motor nerves coming from the brain have been found to be affected by an inde- 
pendent gummatous neuritis and perineuritis, but basal meningitis plays a part 
in this. I strongly advise this disease to be borne in mind when signs of paresis 
of the cranial nerves, especially of the oculomotor and optic, appear among 
general cerebral symptoms, weakness of memory and disturbances of conscious- 
ness. A gummatous basal meningitis is generally located in the deep recess be- 
tween the chiasm, the peduncles and the trunks of the oculomotor nerves. In 
fresh cases the optic and oculomotor nerves are enveloped in a gelatinous mass 
which becomes more indurated later on. It is therefore easy to understand 
that the trunks of the oculomotor nerves on both sides are usually involved, and 
that a bilateral ptosis calls for a differential diagnosis in this direction. 

Finally, ptosis may be caused in cerebral syphilis by a lesion in the region 
of the root and nucleus of the oculomotor nerve. In the region of the root the 
trouble is usually due to gumma t a or softenings in the peduncle. The nuclei of 
the ocular muscles are predisposed to syphilitic disease because of its blood 
supply. It has been proved that a disease of the basilar artery may very easily 
cause nutritive disturbances in the region of the nucleus. Gummata may also 
grow in this region. Even a primary atrophy of the nuclei of the ocular mus- 
cles has been observed by Oppenheim during the virulent stage of syphilis. 

It is by no means easy to diagnosticate a nuclear paresis in a given case. 
The advance of our knowledge has greatly disconcerted the theories formerly 
held. Mauthner said that the progressive paresis of the muscles of the eye had 
a nuclear cause in most cases. We know now that a gummatous lesion in the 
trunk of the oculomotor nerve alone can cause an isolated ptosis. This does away 
with the old dogma that a disease of a nerve trunk must cause a paresis of all 
the muscles supplied by it. We also know that a ptosis which remains isolated 
need not be of fascicular, nuclear, or cortical origin, for it has been satisfactorily 
proved that such a permanently isolated ptosis may appear in diseases of all 
places along the course of the oculomotor nerve. 

The conditions in cerebral syphilis are quite different from those in tabes. 
When we meet with an isolated ptosis in the latter disease we can ascribe it con- 
fidently to a degeneration in the nucleus of the levator, while in cerebral 
syphilis it may be caused by a basal affection. It is only when the isolated 
ptosis occurs together with a hemiparesis of the opposite side that the lesion 
is situated either in the pons or in the peduncle. When the ptosis is not isolated, 
but is associated with pareses of other muscles, the disease may also be situated 
at the base of the brain. So many cases with all possible combinations of ophthal- 
moplegias have been observed in basal affections that this situation of the syphi- 
litic disease should be thought of first. The lesion can be nuclear only when the 
internal muscles of the eye remain intact from the beginning, when the muscles 
supplied by the oculomotor nerve gradually become paretic one after another, 
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when the pareses are bilateral, -when sugar appears in the urine, and w! 
disease lias remissions. A nuclear paresis cannot be present when a paresis of one 
or both sides of the body coexists. In such cases the cerebral peduncle is involved. 
A nuclear paresis is also contraindicated when the optic nerve is affected and a 
neuritis, or an atrophy can be detected with the ophthalmoscope. Temporal 
hemianopsia indicates that the chiasm is involved, while homonymous hemi- 
anopsia is a sign of a lesion in one tract. Outward from the nuclei the supra- 
nuclear and cortical regions of the oculomotor nerve come into consideration, hut 
a supranuclear ptosis is not met with in this disease, for cerebral svplnlis attacks 
bj preference the base of the brain and causes peripheral nerve affections 
through tlir meningitis. Supranuclear paroses of the ocular muscles are iiMiully 
conjugatc paralyses. The cortical region of the levator still needs investigation, 
as I said nt livvt. Whatever may he the difficulties in the way of an accurate 
diagnosis one thing is certain: In no other disease is bilateral paresis of tfat 
oculomotor nerve so common as in syphilis, and it is almost the rule that the 
levator of one or both eyes is paretic in grave cases of cerebral syphilis with 
involvement of the oculomotor nerve; a sufficient reason why this disease should 
be taken into account in the analysis of an acquired ptosis. 

Sixth question: Is any other disease of the central nervous system present 
which may be the cause of the ptosis and of the symptoms that may accompany 
it? In addition to the ones that have hcen mentioned there are numerous other 
diseases of the central nervous system to which a ptosis mav direct our atten- 
why we should try to trace the differential diagnosis. 
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Isolated Bilateral Ptosis 

Isolated bilateral ptosis is a rare condition, which was first described by 
Fuchs. A bilateral paresis of the levator appears in persons who are in perfect 
health, almost exclusively in old women, remains isolated and gradually increi 
in degree. The movements of the eyeball and the reactions of the pupil are 
normal. The ptosis becomes greater when the patient is tired, and a marked 
contracture of the frontal portion of the occipitofrontal on each side calls 
attention to the condition. The way in which the lax skin is drawn in beneath 
the margin of the orhit is striking. It is not yet known whether this is due to 
a nuclear affection, or to a primary atrophy of the muscles. 



Ptosis in Chronic Progressive Ophthalmoplegia Externa That Remains 
Isolated 

We also meet with a curious form of ophthalmoplegia associated with ptosis, 
a bilateral progressive paresis of the extrinsic muscles of the eye. It begins in 
early childhood, advances slowly with no other disturbances in the central 
nervous system and without fever, pauses at times in its development, but 
usually results in total ophthalmoplegia externa. The pupils, accommodate 
vision, and fundus remain normal. The disease frequently begins with a ptosis 
of one or both eyes and may last thirty or forty years under certain circum- 
stances. This form of ophthalmoplegia is primarily differentiated from the con- 
genital impairments of mobility by the fact that congenital pareses remain 
absolutely stationary. The etiology of this disease also is unknown. 

In syringomyelia the abducens is the most apt to be affected of all t 
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muscles because its nucleus is most deeply seated, but a ptosis caused by paresis 
of tlie levator is rarely met with. A ptosis due to paresis of the sympathetic is 
on the contrary common, for paresis of the sympathetic on one side, with lesions 
of the oculopupillary tracts is a well known symptom of this disease. 

Ptosis in Tabes 

We come now to a disease in which ptosis is of greater diagnostic impor- 
tance, tubes. It has long been known thai rehYx immobility of the pupil is one 
of the most important symptoms of this disease, although the close relations of 
the reflex immobility to the oculomotor nerve arc as yet insufficiently understood. 
Next to the reflex immobility of the pupil come pareses of the extrinsic muscles 
of the eye; they are present in about 20% of the cases and frequently 
form the first signs that are to some degree distinctive of the disease. The 
levator is the muscle that is particularly apt to be affected, so we have to think 
of tabes when we meet with a ptosis and must always be on the lookout for this 
indication. An isolated ptosis of one or both eyes often appears in the initial 
stage, but it does not remain isolated, as a rule. It either retrogresses, for the 
pareses of tabes have the general character of being transitory, or it beeomea 
associated with reflex immobility of the pupil, or with some other symptom, such 
as absence of the patellar reflex, optic atrophy, or lancinating pains. This is 
the condition in which we find our patient, in whom a reflex immobility of the 
pupil can be demonstrated. An isolated complete paresis of one oculomotor 
nerve is rarely met with in tabes, an ophthalmoplegia externa is rather more 
frequent, as it occurs in from three to five per cent, of the cases. The transient 
appearance of the ptosis is usually surprising. These pareses are apt to dis- 
appear quickly, even without treatment. In this respect they differ from the 
affections of the optic nerve, which are of a progressive character. Cerebral 
syphilis must be carefully excluded when the diagnosis of tabes is based upon 
ptosis, either isolated or associated with ophthalmoplegia externa. The dif- 
ferential diagnosis between cerebral syphilis and commencing tabes is apt to be 
very difficult and is sometimes impossible, for syphilis, especially of the base, 
may cause an isolated ptosis, and is very often the cause of extensive parewa of 
the muscles supplied by the oculomotor nerve. One point is of interest. In 
commencing tabes reflex immobility of the pupil is usually present, in cerebral 
typhi lit we frequently find absolute immobility of one pupil with paresis of the 
accommodation. Still reflex immobility of the pupil has been observed in cere- 
bral syphilis. We also occasionally meet with ptosis together with paresis of 
the abducens in the prodromal stage of tabes. The site of the tabetic pareses 
is in the nuclei of the ocular muscles, the high degree of degeneration of which 
has been shown by Kfirmrling and Baedeker. 

Ptosis in Progressive Paralysis 
Pareses of the ocular muscles are much less common in progressive paralysis; 
they occur in only two or three per cent, of the cases that are not complicated 
with tabes. Therefore ptosis is rare and is not of great diagnostic importance. 

Ptosis in Multiple Sclerosis 
Ptosis occurs in about 10% of the cases of multiple sclerosis, and may be of 
importance in the diagnosis, which is frequently very difficult at the heginning 
of the disease. We also meet with ptosis in the chronic and subchronic ophthal- 
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when the pareses nrc bilateral, when sugar appears in the in inc. tod when 
Avmit* has remissions, A nuclear paresis cannot be present when ft pa 
or both sides of the body coexists. In such cases the cerebral peduncle is im-ul 
A nuclear paresis is also contra indicated when the optic nerve is affected an 
neuritis, or an atrophy can be detected with the ophthalmoscope, Temran 
hemianopsia indicates thai the chiasm is involved, while homonymous heatt- 
anopsia is ;. sign ni' g lesion in one tract, Outward from the nuclei fin supra- 
Ductear and cortical regions of the oculomotor nerve come into consideration, birl 
a supranuclear ptosis is not met with in this disease, for cerebral syphilis attack) 
h\ preference the base of the bruin and causes peripheral nerve affections 
through the meningitis. Supranuclear pareses of the ocular muscles are aaual 
conjugate paralyses. The cortical region of the levator still needs invcatigati 

i "I at first. Whatever may be the difficulties in the way of an accural 
diagnosis one thing is certain: In no other disease is bilateral paresis of 
oculomotor nerve so common as in syphilis, and it is almost the rule that the 
levator nf one or both eyes is paretic in grave cases of cerebral syphilis with 
involvement of the oculomotor nerve; a sufficient reason why this disease ihouU 
be taken into account in the analysis nf an acquired ptosis. 

Sixth question: Is any other disease of the central nervous system pi 
which may be the cause of the ptosis and of the symptoms that irtftj 
it? In addition to the ones that have been mentioned there nrc nun 
diseases of the central nervous system to which a ptosis maj direct 
tion. This is another reason why we should try to trace the different: 
After these three classes of eases have been excluded we know thai the 
must he one of these other diseases. We "ill first consider the rare affectii 
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Isolated Bilateral Ptosis 

Isolated bilateral ptosis is a rare condition, which was first described bj 
Fuelu. A bilateral paresis of the levator appears in persons who are in perfect 
health, almost exclusively in old women, remains isolated and gradually 
in degree. The movements of the eyeball and the reactions of the pupil are 
normal. The ptosis becomes greater when the patient is tired, and a marked 
contracture of the frontal portion of the occipitofrontal is on each sid, calh 
attention to the condition. The way in which the lax skin is drawn in beneath 
the margin of the orbit is striking. It is not yet known whether this is due to 
a nuclear affection, or to a primary atrophy of the muscles. 

Ptosis in Chronic Progressive Ophthalmoplegia Externa That Remains 
Isolated 

We also meet with a curious form of ophthalmoplegia associated with ptosis, 
a bilateral progressive paresis of the extrinsic muscles of the eye. It begins in 
early childhood, advances slowly with no other disturbances in the central 
nervous system and without fever, pauses at times in its development, but 
usually results in total ophthalmoplegia externa. The pupils, accommodation, 
vision, and fundus remain normal. The disease frequently begins with a ptosis 
of one or both eyes and may last thirty or forty years under certain circum- 
stances. This form of ophthalmoplegia is primarily differentiated from the con- 
genital impairments of mobility by the fact that congenital pareses remain 
absolutely stationary. The etiology of this disease also is unknown. 

In syringomyelia the abducens is the most apt to be affected of all the ocular 
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muscles because its nucleus is most deeply seated, but a ptosis caused by paresis 
of the levator is rarely met with. A ptosis due to paresis of the sympathetic is 
on the contrary common, for paresis of the sympathetic on one side, with lesions 
of the oculopupillary tracts is a well known symptom of this disease. 

Ptosis in Tabes 

We come now to a disease in which ptosis is of greater diagnostic impor- 
tance, tabes. It has long been known that reflex immobility of the pupil is one 
of the most important symptoms of this disease, although the close relations of 
the reflex immobility to the oculomotor nerve are as yet insufficiently understood. 
Next to the reflex immobility of the pupil come pareses of the extrinsic muscles 
of the eye; they are present in about 20% of the cases and frequently 
form the first signs that are to some degree distinctive of the disease. The 
levator is the muscle that is particularly apt to be affected, so we have to think 
of tabes when we meet with a ptosis and must always be on the lookout for this 
indication. An isolated ptosis of one or both eyes often appears in the initial 
stage, but it does not remain isolated, as a rule. It either retrogresses, for the 
pareses of tabes have the general character of being transitory, or it becomes 
associated with reflex immobility of the pupil, or with some other symptom, such 
as absence of the patellar reflex, optic atrophy, or lancinating pains. This is 
the condition in which we find our patient, in whom a reflex immobility of the 
pupil can be demonstrated. An isolated complete paresis of one oculomotor 
nerve is rarely met with in tabes, an ophthalmoplegia externa is rather more 
frequent, as it occurs in from three to five per cent, of the cases. The transient 
appearance of the ptosis is usually surprising. These pareses are apt to dis- 
appear quickly, even without treatment. In this respect they differ from the 
affections of the optic nerve, which are of a progressive character. Cerebral 
syphilis must be carefully excluded when the diagnosis of tabes is based upon 
ptosis, either isolated or associated with ophthalmoplegia externa. The dif- 
ferential diagnosis between cerebral syphilis and commencing tabes is apt to be 
very difficult and is sometimes impossible, for syphilis, especially of the base, 
may cause an isolated ptosis, and is very often the cause of extensive pareses of 
the muscles supplied by the oculomotor nerve. One point is of interest. In 
commencing tabes reflex immobility of the pupil is usually present, in cerebral 
syphilis we frequently find absolute immobility of one pupil with paresis of the 
accommodation. Still reflex immobility of the pupil has been observed in cere- 
bral syphilis. We also occasionally meet with ptosis together with paresis of 
the abducens in the prodromal stage of tabes. The site of the tabetic pareses 
is in the nuclei of the ocular muscles, the high degree of degeneration of which 
has been shown by Keimerling and Baedeker. 

Ptosis in Progressive Paralysis 

Pareses of the ocular muscles are much less common in progressive paralysis ; 
they occur in only two or three per cent, of the cases that are not complicated 
with tabes. Therefore ptosis is rare and is not of great diagnostic importance. 

Ptosis in Multiple Sclerosis 

Ptosis occurs in about 10% of the cases of multiple sclerosis, and may be of 
importance in the diagnosis, which is frequently very difficult at the beginning 
of the disease. We also meet with ptosis in the chronic and subchronic ophthal- 
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moplegias found in the diseases of the medulla oblongata and anterior brain. 
Ptosis of both eyes associated with weakness of the muscles of mastication and of 
the throat is a typical symptom of asthenic bulbar paralysis. It is likewise a 
symptom of great importance in cases of hemorrhage into the brain, in which 
Willbrand and Saenger find that it lias been observed in 75%. It is caused by 
hemorrhages at the base, in the cerebral peduncles, in the tegmentum, in the 
thalamus, and in the nuclear region of the oculomotorius. It appears, almost as 
a rule, whenever embolic and thrombotic softenings of the brain are associated 
with parescs of the muscles of the eyes. When it is found in connection with a 
hemiplegia of the opposite side it indicates that the region of the cerebral 
peduncle is the site of the lesion. 

The condition of ptosis is also of considerable importance when the possibility 
cf an abscess in the brain is being considered. It is particularly apt to be 
present when the abscess is located in the temporal lobe. I have diagnosed cor- 
rectly such a location of an abscess of the brain from a ptosis and mydriasis to 
which were added in succession on the opposite side a paresis of the facial supply 
to the mouth, then a paresis of the arm and finally of the leg. It is never a 
symptom of abscess of the cerebellum, which is so often caused by diseases of the 
ear. 

The conditions in meningitis are such that ptosis is very frequent only in the 
tubercular form, in which disease it develops very gradually, the eyes at first 
are opened more slowly and then by degrees it becomes more distinct. Oculo- 
motor parese* are very rare in epidemic meningitis, the abducens is more com- 
monly affected. Purulent meningitis affects the convexity of the brain, as a 
rule, so it is only when it happens to be situated at the base, as the result of an 
infectious disease, or of an inflammation of the ear, that ptosis can occur. The 
syndrome of sinus thrombosis is frequently completed by a ptosis. 

When tumors are situated at the base of the brain they frequently give rise 
to early focal symptoms because of the ease with which they may compress the 
cranial nerve*. When thev are situated in the sella turcica thev cause trouble 
with the muscles of the eye and with the trigeminus, as well as produce hemi- 
anopsia* so it is of importance in the differential diagnosis that this combination 
of symptoms is not produced when the situation of the tumor is intracerebral, 
though ptosis and other symptoms on the part of the ocular nerves may be 
excited by its distant action. The accurate localization of a tumor of the brain 
i< possible only in rare cases. Tumors of the hypophysis are betrayed by the 
bitemporal hemianopsia* to which may be added amaurosis of one or both eyes, 
caused by optic atrophy. Paresis of the oculomotor nerve on the same side as 
the tumor and paresis of the facial and hypoglcssus on the opposite side is 
characteristic of tumors of the peduncle. When the neoplasm is situated in the 
region of the nucleus of the oculomotor nerve we usually have a bilateral 
ptosis. In tumors of the pons we have paresis of the facial on one side and of 
the extremities on the other, but pare-is of the abducens of one side with 
pan>i> of the extremities of the other may be present. Ptosis has been observed 
in connection with tumor- of the cerebellum, when they exerted pressure upon 
the corpora quadrigemina. I mention all this simply because a tumor of the 
brain should be borne in mind when we are studying a case of ptosis. 

This completes our excursion into differential diagnosis, which was started 
hv our ca<e of acquired ptosis and we have now to decide what the cause is in 
this patient. The differentiation doe* not happen to be difficult because of the 
presence oi the other characteristic sviv.pioir* of tabes. Large as » the field that 
the diagnostician hi* to hapten thrvu^h. I how that I may have facilitated at 
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CONGENITAL PTOSIS 

the first steps in the differentiation of the causes of a paresis o 
r by the questions: 1, Intoxication or acute infection? 2, Injury 
lis? 4, Some other cerebrospinal disease? As a single symptom pto 
n as to the etiology of the disease in a particular case in only the i 
lances, but as we meet with it in such an enormous number of disea 
seasonable to me that we should have had this practice. Practice l 
aster in differential diagnosis. 

150. Congenital Ptosis and Its Operative Treatment 

glance at this patient reveals that he has a ptosis of the upper lid o 
The history indicates that the condition is congenital, and I prcsen 
or two reasons. 

. FlG. 122.— Family with Congenital Ptosis. 

the first place, congenital ptosis exhibits a numlier of clinical cbarfl 
which are so peculiar that we need to he acquainted with and to reco 
ain clinical picture, 
the second place, congenital ptosis is the form of paresis of the leva 
we arc most frequently able to intervene with operative measures, 
er forms an operation must be looked upon as a hist resort, in nccor 
.he well recognized law concerning parens of the ocular muscles. 

I. The Clinical Picture of Congenital Ptosis 

nngenital ptosis is usually bilateral and incomplete, giving the patie 
ar, sleepy expression. It is met with in every possible degree. I 
is is only slight, so that the lids droop only a little, the vision is not 
with. It may also affect one eye alone, as in our patient, in whon 
lid hangs down loosely and completely covers the pupil. 
fhen the patient tries to lift the lid he succeeds slightly by means of a 
on of the frontal portion of the occipitofron talis. The skin of the 
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drawn somewhat upward by the lifting of the eycbrowg, so as to open the ey 
a little. A distinct interspace can be seen between the lower margin of the eye- 
brow and the margin of the orbit. The covering fold, which can be distinct!? 
perceived on the normal eye above the sulcus orb itopalpobr alii, ia more or Itaa 
spread out. Parallel folds of skin, with the convexity upward, indicate where tl 
frontal portion of the occi pit '(frontalis Ls contracted. The surface of the for 
head is lessened by the formation of these folds in the skin. The eyebrows a 
displaced upward and somewhat outward by the action of the frontal portion o 
this muscle, so that their nasal ends are rather far apart. The lunger I" 
extent of the skin of the upper lid the less efficient is the action of this mus 
The patient must bend his head backward if light is to enter bis eye thrmi| 
the slight enlargement of the palpebral fissure thus produced. The < 
contraction of the frontal portion of the occ i pit of ron talis causes a peculiar e 
pression of the face from which, in connection with the drooping of the lid. ) 
case of ptosis may be readily recognized. It is an interesting fad that tin 
contractions, which have a teleological sense, develop gradually as the 

ge&ce of the child increases. During t 
first months of life such eyes are secret] 
opened at all, and then the action of t 
muscle is utilized by degrees. The paraly- 
sis of the levator may be complete or incom 
plete. the same as that of other muscles of 
the eye, and the efficiency of the contrac- 
tion of the frontal portion of the occipito- 
frontal!- is dependent on the length or 
shortness of the skin of the lid. If the skin 
i- \n\ and long this contraction may not 
avail sufficiently to correct the anomaly, 
even when the ptosis is of low degree, while 
on the other hand, when the .skin is short 
and the action of the muscle strong a 
paresis of the levator may appear to be in- 
complete even when it is total. As the effect 
of an operation depends to a considerate 
degree OH whether it is complete or not, we need to determine the degree 
panais when the action of the occipitofrontal is is excluded. The simplest v 
to do this is to press with the finger upon the upper margin of the orbit and li 
tin >kin. to thai fhe action of the oeeipitofrontalis is prevented. When we 
do this We nod that our patient is able to raise the lid but n very little. Con- 
genital parcsea of the levator are not always as marked as this. In many the 
fault can geared J In observed when the eyes are in their ordinary position a 
the patient hai to loo* Up in order to render the paresis distinct. 

Mnnv patients with congenital ptosis have other motor defects of the ey- 
as well, most frequently upward. This is partly due to the fact that t 
paticnta are no) accustomed to raise their eyes, hut the superior rectus ,. lonw 
times leu efficient than it should lie because its insertion is placed too far back. 
Defective motility of the muscles supplied by the oculomotor nerve, or of all f 
muacloa of the eye tnav !"■ met with. The accommodation and the movements o 
Hi. pupil are alwnv" normal. Strabismus is common. The vision is often pot 
aa Mi. reault of congenital amblyopia, errors of refraction and nystagmus. Mai 
formations <>( other part* of Hie body and mental defects frequently nccompar 
bilateral congenital ptuni*. Kuicjiritiius, bv which is meant a fold of skin c 
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ing the inner canthus on each side of the bridge of the nose, is particularly 
common. 

Congenital ptosis may occur in an isolated case, or it may be transmitted 
more or less through several generations. The hereditary form is usually asso- 
ciated with other motor defects of the extrinsic muscles. The causes of con- 
genital ptosis are many. According to Ammon a ptosis will result if the upper 
lid is so hypertrophic that even a well developed levator is too weak to raise it. 
Adhesions between the muscles and abnormal insertions have been found, and the 
muscle is sometimes replaced by a band of connective tissue. In still other cases 
the levator may be completely absent, or the cculcmotcr nervs may be imper- 
fectly developed, or wholly wanting. Such cases have been useful in revealing 
the construction and function of the nucleus of the oculomotor nerve. Will- 
brand and Saenger have demonstrated an aplasia in this nucleus in congenital 
ptosis. 

A word in regard to the differential diagnosis. A case like this is easily 
recognized, as a rule, but we must remember that a slight ptosis may be simu- 
lated when the formation of the skull is asymmetric and the opening of one 
orbit is larger than that of the other, for the distance from the eyebrow to 
the margin of the lid must be greater when the circumference of the opening 
of the orbit is greater. It must also be differentiated from the peculiar con- 
dition presented by an isolated progressive ophthalmoplegia externa. The 
presence of congenital motor defects in the muscles of the eyeball serve to t 
indicate its congenital nature. There are no secondary contractures, such as 
ere apt to form in acquired pareses, and there is no diplopia. Moreover, in con- 
genital pareses the muscles are likely to cause backward movements of the eyes, 
but isolated, chronic, progressive ophthalmoplegia is so rare that the differen- 
tiation is not difficult, as a rule. 

IL Treatment of Congenital Ptosis 

The treatment of ptosis is imperfect because we cannot furnish a perfect 
substitute for the physiological action of a muscle. A number of spectacle 
frames have been devised, by means of which the paretic lid may be held up, but 
frequently they are of little use. The cosmetic disfigurement remains, and for 
this reason we are obliged to operate in many cases. 

A large number of operations have been devised from the most divergent 
points of view. An old methed was to shorten the lid by an excision of a fold 
of skin, frequently with a portion of the orbicularis so as to weaken at the same 
time the antagonist to the paretic levator. Other operations have been based on 
the principle of strengthening the weak, but not totally incapacitated levator. 
The advancement of this muscle, as recommended by Evcrbush, is for thi; 
purpose. The skin is incised, the fibres of the orbicularis separated so as to lay 
bare the upper margin of the tarsus, several loops of thread are passed as high 
as possible through the tendon of the levator, their ends carried between the 
skin and tarsus, brought out in the intermarginal space and tied. The threads 
should be carried as closely as possible to the tarsus, hi my opinion. The tendon 
of the levator is drawn down in this way, but unfortunately the result is only 
temporary in many cases. 

Another method of strengthening the levator is to shorten the tendon and 
muscle. An incision is made at the convex margin of the tarsus, the skin is 
dissected up from the subjacent tissue as far us the eyebrow, the fascia tar- 
soorbitalis is divided, so as to expose the tendon of the levator, and a portion 
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of the muscle is resected. The end of the shortened muscle is then sutured to 
the convex margin of the tarsus. The results produced by this operation are 
likewise only moderate. 

These methods cannot accomplish the desired purpose if the ptosis is con- 
siderable; hence a number of operations have been devised to substitute the 
action of another muscle for that of the levator. Thus Mota'ts sutures a portion 
of the superior rectus to the upper margin and anterior surface of the tarsus, 
while others try to substitute the action of the frontal portion of the occipito- 
frontal is. 

The desired result may be obtained in suitable cases by sutures as recom- 
mended by Pugemtrchcr and others. One needle of a thread armed with needle* 
at both ends is introduced beneath the free margin of the lid, passed beneath 
the skin to a point above the eyebrow, where it is brought out through the skin 
of the forehead. The second needle is passed parallel to the first at a short 
distance from it. The threads are then tied firmly over a pledget of gauze and 
are allowed to remain until they have given rise to the formation of firm cicatri- 
cial bands that unite the lid with the frontal portion of the ncci;iitofron talis. 
Good results may be obtained in this way in the milder degrees of ptosis, but 
two, three or more sutures must be introduced. 

Another operation of this class is that of Panat, in which the union between 
the lid and the occipitofrontal!* is secured by means of a pedicle taken from the 
skin of the lid, passed beneath the eyehrow and fastened to the skin of the fore- 
bead. A good elevation of the lid can be obtained in this way, but the cosmetic 
effect produced by the scars, which are considerable and run vertically to the 
course of the orbicularis, Is not good. 

The best operation for ptosis is the one devised by my teacher. Hem. After 
the skin lias been thoroughly disinfected and the eyebrow shaved we make 
incision exactly in and for the entire length of the eyebrow. The Tower margin 
of the wound is seized with forceps and the entire skin is undermined down close 
to the margin of the upper lid. The bleeding may he fairly free, and it is 
essential for a good final result that this be arrested by pressure or a tampon. 
We thus have two wound surfaces opposed to each other and can displace the 
skin of the upper lid. Next we introduce three sutures armed with a needle at 
each end by passing the needles through the skin at about the middle of the lid 
and bringing them out about H cm above the eyebrow. When these threads are 
drawn upon, the skin is folded so that the covering fold of the normal eyelid is 
lintubted, Tin: threads are then tied over rolls of cotton, or glass beads. The 
excellent effect produced by this operation is due to the fact that the adhesion 
of the wound surfaces naturally holds the upper lid in position better than sutures 
alone, while in addition a union is effected with the frontal portion of the occi- 
pitofrontalis by the cicatricial bands that develop along the sutures. Another 
advantage of this operation is that we are able to regulate the effect during the 
first day or two by tightening or loosening the sutures. It is necessary to try 
to get the greatest possible primary effect, becnuse this retrogrades somewhat 
later. Careful asepsis must be maintained in the after treatment, to guard 
against an infection in the comparatively large cavity of the wound. During 
this time the cornea must be kept well protected with ointment. 

151. Torticollis and Paresis of the Trochlearis 

The history of this boy, now 10 years old, is that lie hail a severe general, 
febrile disease about five years ago. According to the statements of his mother 
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he has ever since been accustomed to carry his head in a peculiar, wry position, 
oil account of which he has received many whippings. He was subjected to 
orthopedic treatment without avail. If we take hold of his head and place it 
upright it returns to the oblique position as soon as we let go. He inclines his 
head to the left shoulder, lowers his chin and rotates it at the same time to the 
left. As all the means tried to correct this torticollis have been in vain, and as 
the child complained one day of his eyes, his mother has brought him to us. 

I will now demonstrate that this peculiar position of the head has hitherto 
been the only means by which this tormented child could do away to some 
extent with the disturbing effects of a grave paresis of the right trochlear nerve, 
which supplies the obliquus superior. This is learned from an analysis of his 
symptoms. 

First I wish to mention again that in the consideration of the action of the 
superior oblique only that portion of the muscle is to be taken into account 
which extends backward and toward the temple from the trochlea at an angle 
of about 50°, to be inserted beneath the superior rectus, chiefly in the temporal 
portion of the eyeball. By its contraction it depresses and abducts the visual 
line and inclines the upper pole of the eye to the median side. The depressing 
action is the one of these three components which is of most interest to us just 
now. This is slight when the visual line is directed straight ahead, as it forms 
an angle of 50° with the plane of the muscle, and is less, or nothing, when the 
eye is abducted, when the only effect produced by the muscle is to rolj the eye 
inward, but when the eye is very strongly adducted it is considerably depressed 
by the contraction, because the visual line, coincides with the plane of the muscle. 
This boy has an inclination of the Jicad by means of which he can fix a light 
placed in front of him with his visual lines elevated and turned to the right. 
As he is so partial to this position of his eyes we are justified in the suspicion 
that a depressor of the eye is paretic, one also that is most efficient when the 
affected eye is turned to the left. Such a depressor must be either the left 
inferior rectus, or the right superior oblique. How are we to determine which 
muscle is paretic, and whether one or more are affected? 

We know that in paresis of the ocular muscles the secondary deviation of 
the unaffected eye is greater than the primary deviation of the other and that 
by this means we can perceive in which eye the paresis exists. Therefore we 
straighten up the head of the boy and direct him at the same time to look at a 
candle placed in front of him at a level with his eyes. When we cover the right 
eye the left remains quiet, but when we cover the left the right makes a distinct 
downward movement. Hence while the left eye was fixed the right deviated up- 
ward a little. But if the left eye is observed behind the covering hand, or better 
when the hand is removed, it is very distinctly seen to be deviated downward 
to a greater degree than the right was formerly deviated upward. The second- 
ary deviation of the left eye is the greater, and therefore the paresis must be in 
the right. As we are justified in suspecting a paresis of a depressor we now 
test the movements of the two eyes in comparison with each other. It is seen 
at once that their position is normal in looking to the right and downward and 
that the right eye plainly lags behind in looking to the left and downward. 
Hence it follows that the depressor of the right eye which is paretic is the one 
in which the depressing component of its action is most marked when the eye is 
adducted. That muscle is the superior oblique. The other movements of the 
eyes present no abnormality, except that when the child looks horizontally to the 
left the vertical strabismus of the right becomes more distinct. This is readily 
understood, because when the superior oblique of the right eye is paretic the 
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inferior oblique must preponderate in the position of adduction and incline th« 
eyeball upward. 

The behavior of the double images likewise proves the right obliquus to be 
paretic in this case. If we place a red glass before his right eye and ask him 
whether lit- sees two when he looks at the light with his head in its characteristic 
position, he says no, but as soon as we straighten up his head he sees double. 
The image pertaining to his right eye is the lower and is rather oblique, inclin- 
ing to the right, which shows that the paretic muscle must act to roll the eye 
inward and therefore must be either the depressor of the right eye, the obliquus 
superior, or the levator of the left, the rectus superior, but we need only to note 
the position of the double images En the various parts of the field of fixation to 
obtain a definite differentiation. If we depress this boy's bead, so as to elevate 
the lino of fixation, the double images grow closer together until they blend, but 
when we raise his head and so depress the visual lines the lower image sink* BOM 
and more, and if we turn it to the right the obliquity of the image increat 
The vertical separation of the double images is greatest in the left lower quai 
rant of the field of fixation. Taking this in connection with our finding that t" 
mobility of the right eye is limited on looking inward and downward, no doubl 
18 left thai this boy has a paresis of his left trochlears. So much as to the way 
in which to proceed in the analysis of such a case as this. 

The relations between paresis of the trochlears anil habitual torticollis are 
of more interest. This boy inclines his head to the left shoulder, depresses Mid 
rotates his chin to the left, because it is only in this position that he can fix with 
both eyes and avoid the annoying diplopia. He does not sec double when the 
line of sight is raised and turned to the right, but as soon as his head is held 
upright by means of an orthopaedic device, or otherwise, he gees double and i* 
deprived of the only means at his disposal to avoid the annoyance thus caused. 
So we cannot blame him that, in spite of whippings and other measures, lie con- 
tinually reassumes this position. He inclines his bead to the left in order to 
bring the object he is looking at into a portion of the field of fixation where the 
paretic muscle is called upon to act little or not at all. In paresis of the 
ahducens the patient turns his head toward the side of the affected muscle; in 
paresis of the trochlearis, on the contrary, the habitual lateral inclination of the 
bead ll toward the healthy eye, as in this case, for with bis head turned to the 
left the rotators of the eyes to the left, of which the obliquus superior dextra i 
one, are disburdened, while the rotators to the right are innervated. In I 
comparatively simple way the boy is able to render parallel the meridians of t 
retina which are correspondingly inclined in consequence of the paresis. 

This typical inclination of the head is not present in all eases of paresis •' 
one trochlearis. It is absent when one eye is very amblyopic, and when the ang] 
of strabismus is so great that binocular vision is impossible even when the hex 
is held in this manner, but, according to BieUchmesky. the best authority c 
cerning this condition, this habitual torticollis is present in 20% of the cases. 
Hence its presence should call attention to the possible existence of such a 
paresis. The diagnosis is facilitated when it is borne in mind that of the three 
components into which the functions of the superior oblique can be divided one 
cares particularly for the depression of the adducted eye, and that therefore the 
vertical component of the angle of strabismus is the most important. This ver- 
tical divergence is increased by the predominance of its antagonist, the inferior 
oblique and its secondary contracture. Next to the vertical component, the dif- 
ferentiation depends on the disturbance of the balance of the muscles that rotate 
the vertical axis of the eye. As soon as one of the upper muscles, which act to 
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rotate the vertical axis of the eye inward, becomes paretic the tonicity of the 
lower muscles, which rotate it outward, deviates the upper pole of the eye to the 
temporal side. The inclination of the double images toward each other is there- 
fore one of the most important symptoms of which we need to take notice. A 
number of other interesting symptoms are met with. It is not necessary that the 
oblique image should appertain to the paretic eye, it may belong to the other. 
When the paretic eye has the better power of vision it may assume the duty of 
fixation. All of these conditions must be investigated very carefully if we are 
to adopt correct therapeutic measures. We have to determine whether the ad- 
vancement of the antagonist, or the tenotomy of the rectus that acts in the same 
way in the other eye, is indicated. 

This case is one of habitual caput obstipum caused by a paresis of the 
trochlearis. The condition was named by Cuignet, in 1873, torticollis oculaire. 
It hardly seems necessary to emphasize the fact that it is not every habit of 
holding the head obliquely met with in children which is to be ascribed to such 
a paresis. A cramped position in writing may accustom children to an oblique 
position of the head, entirely aside from the surgical causes of caput obstipum. 
We also know that astigmatics whose cylindrical glasses are not accurately 
adjusted, can correct the erroneous position of the axes by a lateral inclination 
of the head, but I think that use may be made of this demonstration with 
advantage, for the knowledge that a paresis of the trochlearis may cause such 
a habitual wry neck is essential to enable the right treatment to be applied in 
such a case* 



152. Paresis of the Accommodation after Diphtheria 

The paresis from which this boy is suffering is one that every physician 
should know and recognize. He tells us that he has been unable to read or write 
for several days past because his near vision is so bad. His eyes are emmetropic, 
have normal vision for distance, and the ophthalmoscopic condition is perfectly 
normal, therefore his inability to see near objects clearly must be due to a 
fault in his accommodation. The reaction of the pupils to light is perfectly 
normal, the sphincter pupillae and its innervation are intact, but when we test 
the range of accommodation we find it to be considerably less than it should be 
in a normal eye at his age. Hence he has a partial paralysis of the accommo- 
dation of equal degree in the two eyes. 

When a child with such a partial paralysis of the accommodation comes 
under observation the first thing to be thought of is diphtheria. Closer inquiry 
into the history reveals that this boy had a sore throat that kept him in bed a 
few day 8 about three weeks ago, but that his parents did not consider it any- 
thing serious. This typical case is of interest in more than one respect. From 
the results of our former study, in which we analyzed the differential diagnosis 
of ophthalmoplegias, there can be no doubt that we have to deal here with a case 
of ophthalmoplegia interna following diphtheria. What should the physician 
know of this paresis of the internal muscle of the eye, and what is to be done for 
the child? 

Bilateral paresis of the accommodation is very common after diphtheria. 
Figures vary, but we may say that it is demonstrable in about 10% of the cases. 
It characteristically appears during convalescence on the average from three to 
four weeks after the beginning of the infection. The children are apt to find 
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that they read and write with difficulty on their return to school. Another 
characteristic of the disease is that the paresis of the accommodation is of equal 
degree in the two eyes. A third characteristic is that the sphincter pupilla? 
remains intact in most cases. It is quite seldom that the pupils react slowly, 
or not. at all, to light. A fourth characteristic is that the paresis does not appear 
suddenly, but develops gradually, requires several days to reach its maximum, 
And that even then the disability of the ciliary muscle is not total. 

The severity of the trouble depends on the degree of paresis and not a little 
on the optic construction of the eye. Hypermetropic children, who form the 
majority, have to accommodate more strongly than others, and naturally are 
more affected than others by a loss of accommodative power, while a slight de- 
gree of paresis of the accommodation may not he noticed by myopic children. 

It is a very remarkable fact that paresis of the accommodation may follow 
very mild attacks of diphtheria, so mild that sometimes they completely elude 
observation, and it occasionally happens that the appearance of the paresis is 
the first evidence presented that a child has been infected with diphtheria. In a 
comparatively large percentage of these cases we find a nasal speech due to a 
paresis of the soft palate. I'areses of other muscles of the eye and signs of 
ataxia are more rarely met with. 

Infections with the true diphtheria bacillus alone are able to cause such a 
paresis of the accommodation; streptococcal anginas never produce it. Hence 
it is due to the virus of the diphtheria bacillus. The greatest variety of lesions 
have been found in these postdiphtheritic pareses, some in the peripheral nerves, 
some central, some in the vessels. 

I believe that we must have recourse to the researches concerning the diph- 
theria toxin in order to understand this paresis of the accommodation. We 
know, from the classical studies of Ekrlich, that the diphtheria bacillus produces 
two different substances, the toxin, which is held responsible for the acute 
clinical symptoms, and the toxon, hy means of which he was able to produce 
paresis experimentally. The latter acts much more slowly than the toxin, 
so I believe that the paresis of accommodation after diphtheria is due to the 
effect of a toxon, that the seat of the lesion is in the nucleus of the muscle of 
accommodation, and that it consists of a specific lesion of the ganglion cells 
which acts in a way similar to that in which paresis of accommodation in botulis- 
milfl is produced. This theory has the support of an important clinical 
symptom. Experimental research has proved that the affinity of the specific 
antitoxin to the toxons is less than to the toxins, and that the paresis of the 
accommodation is not reduced in the least by treatment with the curative 
serum. We may therefore suppose that antitoxic serum can influence with 
great difficulty and insufficiently the action of the toxon in the human organism. 

The practitioner should be acquainted with this disease, particularly that 
he may reassure the parents, who are usually greatly worried, for the prognosis 
is perfectly good; recovery takes place spontaneously in the course of a few 
iviik-. No treatment is needed, except that when it is absolutely necessary that 
the children should study we may prescribe glasses to be worn for a while in 
order to make the work easy. I cannot confirm the statement that the paresis 
passes off more quickly when such glasses are worn. The ciliary muscle itself is 
healthy, and spontaneous recovery follows the restitution of the impaired inner- 
vation. 

A word concerning differentia] diagnosis. Paresis of the accommodation 
may occur in other diseases, like syphilis anil diabetes, but usually botulisms is 
the one that needs to he differentiated. Patients suffering from botubsmus may 
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complain of throat trouble, but as has been said their pupils are paretic and 
dilated at the same time. 



153. Recurrent Oculomotor Paresis 

This young woman has suffered since childhood, and has always been under 
medical treatment for attacks of migraine, characterized by headache confined 
to one side followed by vomiting, which have occurred every four or five months. 
Until two years ago the headaches and vomiting constituted all of her trouble, 
but since that time a paresis of the ocular muscles has accompanied each attack, 
and at present she has a total paresis of the right, oculomotor nerve. 

I am gratified to be able to exhibit this case for three reasons: First, it 
presents the picture of total paresis of the oculomotor nerve, as the condition is 
now at its height; second, this ophthalmoplegia is evidently connected with the 
migraine and is therefore not solely of ophthalmological interest; third, this 
symptom complex of recurrent oculomotor paresis is so rare and peculiar that 
it is worth while to ponder a little over it. 

Before we can recognize such a rare clinical picture, before we can diagnose 
it as a recurrent oculomotor paresis, we must be able to exclude all of those 
diseases in the course of which repeated attacks of paresis of the oculomotor 
nerve may take place. The most important of these are tumors of the brain, 
cerebral syphilis, tabes, multiple sclerosis, hysteria, chronic meningitis, the 
chronic ophthalmoplegias that remain isolated, and aneurysms at the base of 
the brain. Sometimes the differential diagnosis is very difficult. In this case 
we have been able to exclude by a thorough examination all of these diseases, 
and the diagnosis of recurrent oculomotor paresis is justified by the facts that 
the attacks recur periodically, that they always affect the same side, and that 
they regularly begin with the symptoms of migraine followed by paresis of the 
oculomotor nerve alone. 

This disease almost always affects only one and 7 the same eye. It may be 
divided into three periods: that of the pain, that of the peculiar paresis^ and 
that of the interval between the attacks. The symptoms begin with a dull, 
violent pain which spreads over the occiput and brow, and presents the character- 
istics of migraine. The pain is always on the same side of the head as that on 
which the oculomotor nerve subsequently becomes paretic. The duration of this 
period of migraine varies a great deal. Cases have been observed % in which it 
lasted only one day, and others in which it continued for weeks. The length of 
the attack also varies in the individual recurrences. After the pain has abated 
the oculomotor paresis appears, it may be suddenly, or it may reach its acme 
by degrees. Sometimes it becomes total at once, sometimes it does not become 
total until after several attacks. In other cases again the paresis always remains 
incomplete. Its duration varies. Cases have been reported in which it was 
present for only a few days, and others in which it lasted for weeks and even 
months. Both mild and grave forms are met with. The levator is involved in 
the great majority of cases, so that the ptosis calls our attention to the condition. 
Another point of interest is that the involution of the paresis of the individual 
muscles supplied by this nerve differs, that of the internal muscles of the eye 
taking the longest time. After this period comes the interval, during which the 
patient may be perfectly well, with no trace of the paresis. In other patients the 
first attacks alone are so benign ; the greater the number of attacks the more 
readily do the paretic conditions of the muscles supplied by the oculomotor nerve 
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persist during the interval to be simplv increased by the next. The length of 
the intervals likewise varies greatly: usually they last for several weeks, some- 
times for several months. 

Although the paresis of the ocular muscles is the most prominent symptom 
of this disease, and frequently is the only one present, yet other symptoms ac- 
company it in many cases. Parescs of the abdiicens, trochlear!* and facialis have 
been observed. The trigeminus mav be involved, and then we find hyperesthesia, 
especially of its first branch. Concentric contraction of the visual field has been 
noticed on the paretic side. Many patients complain also of tinnitus and deaf- 
ness of the car on the same side. 

The cause and the true nature of this disease are wholly unknown. As it 
bears a certain relation to migraine, Charcot named it migraine ophthalrnolo- 
gjque, and as the connection has been attested by other investigators we are 
obliged to consider it a special form of that disease. According to Moebiut the 
pain is to be explained by a disease of the nuclear region. Granted an axlcma of 
the nuclear portion of the oculomotor nerve, the irritation produced would ex- 
tend to the root of the trigeminus and might give rise to headache and vomiting. 
The pain is not neuralgic, because it does not radiate along the course of a 
nerve. Still, there are features in this clinical picture which do not harmonize 
readily with the conception of migraine, for instance, the fact that the pareses 
maj persist during the interval. It may also be pointed out. that migraine oc- 
curs chiefly in the well to do class of people, that it rarely appears before pu- 
berty, and that it gradually grows milder to disappear entirely in old age. 
Recurrent oculomotor paresis on the contrary chiefly affects persons of the 
lower classes, usually begins very early and grows more severe with advancing 
age. The scintillating scotomata which so frequently accompany migraine are 
exceedingly rare in recurrent oculomotor paresis. 

A great variety of views arc hclrl in regard to the seat of the lesion Accord- 
ing to Moibiux the symptoms are indicative of a nuclear paresis, according to 
MaiilhruT and others they point rather to a basal disease. I think that more 
attention should be paid to the examination of the blood in these cases than has 
been in the past, for I can detect conditions which lead me to suspect that the 
cause of this peculiar, periodical affection may be found in a disease of the 
blood, but this is something that I cannot prove. 

The final result in most cases is ft more or less complete oculomotor paresis, 
but sometimes the attacks cease. In two cases, reported by Hichtcr and h'firplu*. 
a tumor was, found in the trunk of the oculomotor nerve. Whether the etiology 
of the disease is to be explained in this way must be left for the future to 
determine. We arc confined therapeutically to symptomatic treatment. 



154. The Form and Width of the Palpebral Fissure under Normal 
Conditions, and the Oculopupillary Symptoms of Paresis of the 
Sympathetic Nerve 

The first thing noticed in the examination of this patient is that the right 
upper lid hangs down a little lower than the left and covers the cornea to the 
upper margin of the pupil, but the skin of the lid is not relaxed and is without 
folds; it is rather drawn in toward the orbit. The lid still retains its motility. 
Convex furrows are to be seen in the skin of the forehead over the right eye. 
The palpebral fissure is narrowed not only by a drooping of the upper lid, but 
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also by an elevation of the lower, as can he seen if we look carefully. The 
affected side of the face is warmer and redder than the other. The right pupil 
is smaller than the left, but still reacts to light. 

This peculiar syndrome, first descrihed by Horner, is due to a paresis of the 
oculopupillary fibres of the sympathetic. The course of these fibres to the eye has 
been described already, so I will only repeat that those which supply the dila- 
tator pupil Ire, the orhitalis and the palpebralis superior and inferior, come from 
the sympathetic of the head and neck. 

The most marked symptom presented by a comparison of the two eyes of 
our patient is the narrowness of the palpebral fissure. There is a slight degree 
of ptosis, but if the correct diagnosis is to be made we must determine upon what 
the form and width of the palpebral fissure depends under physiological con- 
ditions. 

I. Form and Width of the Palpebral Fissure under Physiological Conditions 

We mav call the form of the palpebral fissure in man almond shaped, in 
contrast with that of many animals, in which it is round. Its transverse form 
enables man to move his eyes in a large arc horizontally without causing the 
cornea to disappear. The length of the palpebral fissure of an adult man, 
measured from one canthus to the other, is about 30 mm, its width at the widest 
place, when normally opened, is from 11 to 1-1 mm. The eye of a child appears 
peculiarly wide open by comparison, because the longitudinal diameter is con- 
siderably less than in adults, while the vertical diameter is approximately the 
same. According to Reuss the palpebral fissure of a child two months old is 
about twice as long as wide, while in an adult the ratio is about as three to one. 
The apparent size of a child's eve depends moreover on the fact that usually 
only a little of the sclera is visible, so that the palpebral fissure seems to be almost 
filled by the cornea. The upper lid commonly covers the uppermost segment of 
the cornea, while the edge of the lower lid touches its lower margin. We may 
open our eyes widely, or we may squeeze the lids together, and between these two 
extremes are all possible degrees in the width of the palpebral fissure. This 
motility of the lids is due primarily to the activity of the levator and orbicu- 
laris, the former supplied by the oculomotor nerve, the latter by the facial, with 
the assistance of the muscles supplied by the sympathetic, the palpebralis 
superior and inferior and the orhitalis. 

The palpebralis superior forms the middle layer of the aponeurosis nf the 
levator and is inserted into the anterior margin of the tarsus. The fibres of the 
palpebralis inferior run in the middle portion of the lid to the lower, outer 
margin of the tarsus. 

All of these muscles must work together in harmony and we can say that 
the width of the palpebral fissure depends on the proportional tonicity of the 
muscular tissue to the weight of the lids. The antagonism between the levator 
and the orbicularis, especially the tonicity of the levator, provides for its ordi- 
nary width. In weariness and sleep the tension of the levator yields and the 
upper bd sinks of its own weight over the eye. But the state of the palpebral 
fissure depends upon still other factors. The extrinsic muscles of the »yei h*« 
to preserve the equilibrium of the eyeballs, and the connections of these mutcci 
with the periorbita, by means of the fascia, play a great part in this function. 
The eye is prevented from being drawn into the orbit by the tonicity of the four 
recti by these bauds of fuscia, while the action of the two obliqui is to draw the 
eye out from the orbit. 
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How much the width of the palpebral fissure can be influenced by a disturb- 
ance of these conditions of insertion and connection may be seen in this case of 
tenotomy of the interims; it seems to be somewhat enlarged, because the eyeball 
is pressed forward against the lids. Conversely we occasionally see a consider- 
able narrowing of the palpebral fissure after an advancement. 

Another factor of essential influence is the relative fullness of the orbit. The 
eyes are very prominent in many persons. The exophthalmos of Basedow's 
disease is caused by the relaxation and fullness of the intraorbital bloodvessels. 
The palpebral fissure is widened when the eyeball is pressed into it by retro- 
bulbar tumors and inflammatory infiltrations in the orbit. It is doubtful 
whether any widening can be produced by spasm of the orbicularis. The or- 
bitalis % supplied by the sympathetic, lies in man in the median portion of the 
fibrous membrane that covers the fissura orbitalis inferior, but it is very ques- 
tionable if the contents of the orbit can be driven forward by the contraction 
of its scanty fibres. The size of the eyeball itself is of much more importance 
in tins regard. I need only mention the protrusion of the long, highly myopic 
eve. The width of the fissure is also influenced bv a number of reflex actions, 
such as the closure of the eyes when dazzled. It is constantly being affected 
hv psychic emotions; it widens in fright and astonishment, it contracts, and the 
eyebrows are drawn together* in anger and hate. 

The dependence of the width of the palpebral fissure on sensory irritations 
leads us into the field of pathology. The eye closes when irritated by a foreign 
body on the conjunctiva, and in inflammations of the cornea. .It scarcely needs 
to be mentioned that the width of the fissure is affected bv adhesions of the lids 
(ankyloblepharon), and cicatricial adhesions of the conjunctiva of the lids to 
that of the eyeball (symblepharon). Congenital blepharophimosis is occasionally 
met with. 

After death the palpebral fissure usually remains half open, although it 
would naturally be supposed that a complete ptosis would follow relaxation of the 
levator ami orbicularis. Probably the action of the orbicularis ceases later than 
that of the other muscles, ami the quickly appearing rigidity causes this post 
mortem condition. During life we find the narrowest palpebral fissure asso- 
ciated aith paresis of the levator. In this patient the cause of the narrowing is 
a paresis of the sympathetic* and we will pass to the analysis of the oculopupil- 
lary symptoms of this condition. 



XL Analysis of the Oculopupillary Symptoms in Paresis of the Sympa- 
thetic Nerve 

The palpebral tissnre is rather narrower than the other, because the palpe- 
brals* superior* ahich is supplied by the sympathetic* » paretic* and its tonicity 
> ewrcvtne by that of the orbicularis* which is not paretic. In addition the 
upivr 1x1 s:nls down a Kttle from its own weight and the eyeball sinks back at 
the v**>r time Kva;$se of the paresis of St**il*r*t orbital muscle. The action of 
tSr iN*livbx*lis :aivwr is *K**nt in the fewer til. » the tonicitv of the orbicu- 
i*r^ ***** a:th tv opposition *:xl raises the til a little. 

W ycyil » cvtttravtcu because the tension of the sphincter popflhr, supplied 
S the sVu^vt<T rwrvr* prnvoderate* a he* the d&ttator no longer acts. I 
*-* v t*o call attvttictt v the fact that this aiJfemKY :r thse puptk » particularly 
>£>t -*vt * ??\&xra l^t- TN: pups*, of the paretv ey* oVw* not dilate so 
«wrvcN %Nw %h^Kk\i The tttfoe* of the sit* of tSr face » explained at once 
*> <3je tc titsc p*tv*^s ce the s\^j\*th^tx\ bet :t i p*e>**t only when the paresis 
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is fresh, at a later period the paretic side becomes pale and no longer per- 
spires. 

The symptoms of stimulation of the sympathetic are exactly the opposite. 
When the principal trunk of the nerve is stimulated the pupil dilates and the 
side of the face affected becomes pale with an increase of perspiration. The pal- 
pebral fissure becomes wider because the lids arc drawn back a little by the action 
of the palpebral muscles while the eyeball is made slightly exophthalmic by the 
contraction of the smooth fibres of the orbitalis. 

EL Diagnostic Importance and Etiology of Paresis of the Sympathetic 

Nerve 

The ocular symptoms produced by paresis of the sympathetic have a con- 
siderable importance in many cases. It has been known for a long time that 
tumors situated in the lateral portions of the neck, or in the upper part of the 
thorax, can produce this trouble in the sympathetic. Enlargement of the thy- 
reoid gland is the most common, so we look first for signs of goitre. More rarely 
an aneurysm of the carotid may be the cause. Injuries of the neck, as well as 
tumors in the posterior mediastinum and in the upper part of the chest, must 
also be taken into account. We sometimes meet with it, though not, as a rule, 
simultaneously with traumatic pareses of the brachial plexus. The paresis of 
the lower plexus is known as Klumpke's paresis. Frau Klumpke has shown 
experimentally that narrowing of the palpebral fissure, meiosis and exophthal- 
mos appear after section of the eighth cervical, and especially of the first dorsal 
nerve. According to Kraus the oculopupillary symptoms are particularly to be 
localized in the first dorsal segment. 

Syringomyelia is the disease of the cerebrospinal system in which these oculo- 
pupillary symptoms are met with. According to Schlesinger the paresis of the 
sympathetic is usually on the same side on which the muscular atrophies are 
distinct. It forms an important initial symptom of the cervical form of this 
disease. 

A differential diagnosis of this condition can be made by the instillation of a 
few drops of a 1% solution of coca in into the conjunctival sac; the pupil cannot 
dilate if a paresis of the sympathetic is present. 

155. Paresis of the Facial Nerve and Keratitis e Lagophthalmo 

*The history of this patient is as follows: E. B., 19 years old, parents 
and living brothers and sisters healthy, five brothers and sisters dead from un- 
known causes. No family history of nervous or mental disease, or of convul- 
sions. Development normal, well educated. He is said to have had at the age 
of 6 a paresis of the right side of the face which the physician thought might 
be due to an apoplectic attack. Otherwise he has always been well, he denies in- 
fection, smokes and drinks moderately. About the middle of last January he 
noticed noises in both ears and an impaired power to discern spices when eating, 
although he does not remember that he had a cold, ot that he had been exposed 
to a low temperature. Both symptoms disappeared at the end of the day. A 
few days later he noticed that his right eye lacrymated, and within three days 
that the left side of his face was drawn to the left. He was then treated with 
electricity and medicine. The right side of his face twitched at first, but this 
ceased later. Speech was not impaired, there was no parses the sia or weakness 
in any limb. 
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Condition: Strongly built, well nourished man with strongly developed 
muscles. Cranial nerves sensitive to tapping and pressure. Measurements of 
the head, from occipital protuberance to root of the nose, 88 cm; from one ear 
to the other, 30 cm: circumference, 54 cm. Eyebrows united by a bridge of 
hair. Pupils of medium size, round, react well to light and convergence. Move- 
ments of eyes free; some twitching like nystagmus on looking to the right or 
the left, which quickly ceases; corneal reflex present. Place of exit of fifth 
cranial nerve not sensitive to pressure. The left half of the forehead alone is 
wrinkled by the corrugator supercilii. When the eyes are closed a broad white 
stripe of the right eyeball is left uncovered by the lids. The mouth is drawn 
to the left ; its left side alone moves in showing the teeth and in speaking. The 
tongue is protruded straight forward, is not tremulous and the pharyngeal 
reflex is weak. The peripheral arteries are soft and not tortuous. The pulse is 
regular, 80 beats per minute. The hands when outstretched do not tremble, the 
body does not waver when the feet are close together and the eyes closed, he 
stands securely on either leg alone. Patellar reflexes not increased, no distinct 
difference between them, though perhaps the right is a little the stronger, 
Achilles reflex present, no Babinski* no Oppenheim y cremasteric reflex positive, 
abdominal reflex present and symmetrical arm reflex not increased. The great 
nerve trunks are not sensitive to pressure, strength is well preserved, dynamom- 
eter pressure : right, 75, 75, 80, 80 = 320 ; left, 80, 80, 85, 78 = 323. No 
points painful on pressure, slight touches felt everywhere, sharp and blunt dis- 
tinguished at all points. Needle pricks felt uniformly on both sides, cold and 
heat recognized well everywhere. Internal organs without demonstrable morbid 
conditions. No albumin or sugar in the urine. Sense of smell good on both 
sides. Taste better on the left side of the tongue than on the right. The right 
facial nerve does not respond to faradism* Galvanism of the branch to the 
mouth causes slow contraction, K. C. C. < A. C. C. : of the branch to the right 
brow and eye causes quick contraction, but rather slower than on the left, K. 
C. C. > A. C. C. The excitability is reduced. Hearing is intact ; the secretion 
of saliva is not abnormally increased; the velum is raised evenly. Nothing 
abnormal to be seen in the fundus. Psychic condition normal. The treatment 
of +his patient is galvanism daily with exercise and massage of the facial muscles. 

This is a cases of paresis of one facial nerve, and we have three duties to per- 
form: 1, To analyze the ocular symptoms accurately: 2* to try to locate the 
lesion ; 3, to consider the therapeutic measures necessary to be taken in regard to 
the eye in every case of facial paresis. 

L Analysis of the Ocular Symptoms in Facial Paresis 

In a case of paresis of one facial nerve the forehead on the affected side is 
smooth and not wrinkled because the frontal portion of the occipitofrontalis is 
paretic. The opposite eyebrow may be either higher or lower than the other, as 
it is drawn downward bv the tonkitv of the orbicularis, or upward bv the con- 
traction of the frontal portion of the occipitofrontalis. The most important 
phenomenon is the gaping of the palpebral fissure, known as lagophthalmos. It 
is very distinct in this patient in whom the edge of the lower hjl is several milli- 
metre below the margin of the cornea. This lagophthahnos b produced in the 
following way. When the orbicularis is paretic the weight of the upper lid is 
the only factor that acts to narrow the palpebral fissure, but this effect is coun- 
teracted by the levator and palpebralis superior, which are not paretic, so that 
at first the upper lid is higher than that of the healthy eye. This retracting 
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action of the levator varies greatly in different cases of facial palsy. When the 
action of the lower part of the orbicularis ceases the lower lid is no longer pressed 
by it against the eyeball, while the tonicity of the palpebral muscle unites with 
its weight to cause it to sink, and a paralytic ectropion is produced. When 
the patient closes his sound eye tightly the skin of the brow and of the vicinity 
of the eye on the paretic side is drawn over toward the inner canthus of the oppo- 
site eye. 

The next most important symptom* is the absence of voluntary and reflex 
closure of the lids. If the physiological reflex action of winking is absent the 
cornea can no longer be kept moist and the bits of dust that fly into the eye can 
no longer be removed. The lacrymal gland responds to the irritation produced 
in this way with an increased secretion of tears, and this lacrymation is in- 
creased still more by the ectropion and the eversion of the lacrymal puncta. The 
tears are no longer driven toward the inner canthus as they are under normal 
conditions, but flow over the margin of the lid because they cannot easily enter 
the puncta which are not held in their proper positions by the palpebral fibres 
of the paretic orbicularis. This increase in the secretion of the tears keeps the 
cornea moist during the daytime, as the fluid is distributed by the movements of 
the eye in the place of winking, but during sleep these movements of the eye 
cease and the secretion of tears lessens on account of the diminution of the tactile 
irritation of the cornea and conjunctiva. Hence the cornea is in danger of be- 
coming dry during sleep. This danger is often lessened for a while in young 
persons by the normal elasticity of the skin which presses the lid upon the eye- 
ball, but in older persons, whose skin has become relaxed, or after the paresis has 
lasted a long time, changes take place in the conjunctiva and cornea, as may be 
seen in this patient. The conjunctiva in the vicinity of the lower margin of the 
cornea becomes red and a tenacious mucus accumulates at this place which dries 
and forms thick crusts on the cornea. Finally a keratitis e lagophthalmo de- 
Telops. The occurrence of the complication is favored by sleep, the age of the 
patient and the long continuance of the paresis. 

IL Localization of the Facial Paresis 

Every case of facial paresis is of diagnostic and therapeutic interest to the 
physician. An attempt should always be made to locate the site of the lesion, 
which may vary a great deal. We will first refresh our memories in regard to 
the course of the facial nerve, especially of the branch that supplies the eye. 

Course of the Ocular Branch of the Facial Nerve 

The cortical centre of the upper facial nerve is in the lower third of the 
anterior central convolution. A number of investigators are of the opinion that 
the cortical centre of the upper does not coincide with that of the lower facial 
nerve, which is placed by Monakww in the second frontal convolution, by Mendel 
in the gyrus parietalis inferior. At all events the nerve tracts of the facial con- 
verge from the centre in the cortex through the centrum semiovale to the in- 
ternal capsule. Behind them are the tracts for the arm and the leg. From the 
inner knee of the internal capsule we follow the tract of the facial into the pes 
pedunculi. The fibres lie separated from the pyramidal tract in the pons and 
reach the facial nucleus of the other side in a way that has not yet been suffi- 
ciently elucidated. Probably the upper facial occupies a tract distinct from 
that of the lower in the peduncle, for we find the lower facial alone involved in 
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circumscribed diseases of the peduncle which give rise to hemiplegia alternans, 

oculomotor paresis with paresis of the limbs on the opposite side, while if the 

whole peduncle is destroyed the facial paralysis is total. 

The nucleus of the facial nerve lies in the posterior part of the dorsal half 

of the pons, about 4V1> mm to the ventral side of Jthe floor of the fourth ventricle. 

According to Koellicker its entire extent is about 3^2 mm - The connections of 

the facial nucleus with other nerves 
are of clinical importance, but I 
will mention only its relations to 
the trigeminus, which we need to 
know in order to understand the 
reflex symptoms. According to 
Koellicker fibres extend from the 
ventral portion of the sensory roots 
of the trigeminus to the nucleus of 
the facialis. 

When the facial nerve leaves the 
brain it bends forward and to the 
side in company with the auditory 
nerve and with it enters the meatus 
auditorius internus. At the bottom 
of this meatus it passes through an 
opening into the Fallopian canal> 
in which it runs forward and then 
bends backward and to the side at 
a right angle, runs in the median 
wall of the tympanum over the 
fenestra ovalis at first backward, 
then downward and comes out 
through the stylomastoid foramen. 
From this point the nerve passes 
obliquely downward and forward 
and divides into its two principal 
branches behind the ramus of the 
lower jaw. The upper branch, the 
temporo facial, in which we are 
specially interested, passes through 
the parotid gland. Its motor twigs 
extend from the anterior muscles of 
the ear to the upper lip. The upper 
part of the orbicularis is supplied 
by the temporal nerve, its lower 
"part by the malar. 




Fig. 124. — Schematic Diagram of the Trunk 
of the Facial Nerve from the Base of the 
Skull to the Pes Anserinus. 

Nervus Facialis — N.f. Nervus Petrosus 
Superficialis Major — N.p.8. Nervus Com- 
municans cum Plexui Tympani =• N.c.c.p.t. 
Nervus Stapedius - N.st. Chorda Tympani 
— Ch.t. Gustatory fibres = Gf. Nerve of the 
Salivary Secretion = Sps. Nervus Acusti- 
cus = Ma. Ganglion Geniculi = G.g. Fora- 
men Sty lomastoideum = F.8t. Nervus Auricu- 
laris Posterior- N. a. v. Erb'8 Diagram from 
Struempell's Textbook. 



Localization of a Facial Paresis 

When we wish to diagnose the site of the lesion in any case of facial paresis 
the condition of the orbicularis furnishes important data, for the rule generally 
holds good that the twigs which supply the mouth are the only ones permanently 
affected in cortical and subcortical affections of the facial nerve. Paresis of 
the entire facial nerve is on the contrary usually caused by a nuclear, infranu- 
clear, or peripheral lesion. The differentiation must be made by the electric 
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tests in doubtful cases. In the true cerebral pareses the electric excitability is 
perfectly preserved. We find reactions of degeneration only in peripheral 
pareses and those in which the lesion is situated below or in the nucleus. By 
this division into partial and total facial paresis we obtain a diagnostic pi>int. 
The branches of the facial to the eye are found to be injured only in rare cases 
of cortical foci, such as softenings and tumors. 

Most facial pareses of nuclear origin are bilateral, because of the neighbor- 
ing position of the nuclei. In tabes, in which the other nuclei of the cerebral 
nerves are apt to be diseased, facial paresis is comparatively very rare. The 
nuclear affection of the facial is more frequent in acute polioencephalitis su- 
perior hemorrhagica, according to Wernicke. A special description is needed 
only for the facial pareses met with in diseases of the pons. 




Fig. 126.— Ripht Facial Paresis Due to a Sarcoma of the Mastoid. 
Taken at the Moment of a Spasmodic Closure of the Lida. 

The paresis characteristic of disease of the pons is hemiplegia altcrnans, 
paresis of the facial on the side corresponding to the seat of the disease and of 
the limbs on the opposite side. This is present only when the lesion is lituated 
in one side of the pons above the decussation of Hie pyramids mid ltclow that of 
the facial nerve. If the lesion is above the decussation of the facial the paresis 
both of it and of the limbs is on the opposite side of the body. This paresis, 
known as Gubler'a, involves all the branches of the nerve. 

Peripheral Facial Paresis 

The diagnosis of a peripheral facial paresis, in which usually all the branches 

of the nerve are involved, is very easy. The forehead is smooth and unwrinkled, 

wide open, the mouth is drawn to the healthy side, the nasolabial fold 
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is smoothed out. Erb y s schematic diagram (Fig. 124) is of service in 
determining the site of the lesion. The principal types are: 1. Paresis of 
the muscles of the face, leaving the secretion of saliva, the taste, the hearing 
and the velum intact; site of the lesion between the lines 1 and 2. 2. Paresis 
of the muscles of the face, impairment of taste, and diminution of the secretion 
of saliva, with hearing and velum normal ; site of lesion in the aquaeductus Fal- 
lopii. 3. Paresis of the muscles of the face, impairment of taste, diminution of 
the secretion of saliva, abnormally fine hearing, velum normal: site of lesion 
between lines 3 and 4. 4. Paresis of the muscles of the face, diminution of the 
salivary secretion, impairment of taste, acute hearing and paresis of the velum; 
site in the lesion in the ganglion geniculi, between 4 and 5. 5. Paresis of the 
muscles of the face, diminution of the salivary secretion, acute hearing, paresis 
of the velum, but no disturbance of taste; lesion above the ganglion geniculi, 
between 5 and 6. 

The causes of peripheral facial pareses are first, exposure to cold, when we 
call it rheumatic. Minkowski has shown that this is a degenerative, rather than 
an infiammatorv neuritis. Second, diseases of the middle ear and caries of the 
petrous portion of the temporal bone. It can easily be understood how the 
facial nerve in its course through the Fallopian canal in the immediate vicinity 
of the tympanum may become involved in such inflammations, or compressed by 
exudates. We primarily examine the ears in all such cases. Lesions at the base 
of the skull, such as fractures, aneurysms, tumors, acute and chronic menin- 
git is, must also be taken into account. Other nerves, like the acusticus, abdu- 
cens and trigeminus, are usually involved, but the gustatory fibres frequently 
are not affected in facial pareses of basal origin. Tumors and injuries of the 
parotid and of its vicinity may also cause a peripheral facial paresis. 

As regards functional pareses of the facial nerve it is of diagnostic interest 
to know that the lower branch is the one always affected in a hysterical paresis, 
while that to the eye is spared. Facial paresis never occurs in epilepsy, but it 
has heen observed in rare cases of hemicrania and may even recur periodically. 

This gives an idea at least how we try to locate the lesion in a case of facial 
paresis. The treatment to be adopted depends on the etiology. The course when 
due to disease of the middle ear depends on the curability of the latter. Aspirin, 
electricity and massage are our best remedies in rheumatic pareses. If the 
electric excitability remains normal during the first weeks the prognosis is good, 
but other rheumatic cases require months for recovery, or may be incurable. The 
latter is naturally the case when the paresis is caused by a tumor. 

HL Prophylaxis and Treatment of Keratitis e Lagophthalmo 

No matter where the lesion may lie situated the physician has an important 
therapeutic duty in every case of facial paresis. The most important symptom, 
so far as the eve is concerned, is the lagophthahuos* the incomplete closure of 
the eye. When the paresis is slight the palpebral fissure may be closed to some 
degree by a strong effort, but during sleep, when the tonicity of the orbicularis 
is relaxed and the eyelids close gently, patients with this trouble lie with half 
open eves. This condition was named hare % s eye (lagophthsJmos) because hares 
were once believed to sleep with thefr eyes open. The imperfect covering of the 
eye leads to trouble which it is the duty of the physician to prevent. When our 
patient with facial paresis closes his lids the eye can be seen to turn upward, so 
that a great part of the cornea is protected by tl e upper lid* but its lower margin 
and the adjacent conjunctiva sclera* remain exposed to the air. It is rare that 
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a lagophthalmos is of such high degree that the corned remains completely un- 
covered. The conjunctiva exposed to the action of the air responds with 
hypersmua and secretion, and the patient has a severe conjunctival catarrh. 
The cornea suffers still more: the place left bare by the lids becomes dry and a 
disease is started which is called keratitis e lagophthabno. The dry epithelium 
become* cricked and is cast off, and then inflammatory agents, of which there is 
DO lack in the conjunctival me, inter tin parenchyma of the cornea, which be- 
comes cloudy at this place, the superficial layers break down and an nicer is 
formed. In the most fortunnte cases the ulcer heals, .leaving a small teucoma, in. 
others it finally results in perforation. One characteristic of Ibis condition is 
that the dryness always affects the lower part of the oornea- 

In other cases no ulceration takes place, but tin- epithelium becomes thick- 
ened >•' as In resemble epidermis. This sort of xerosis renders the surrounding 
cornea more or less opaque. 

The cause nf keratitis e lagophthalmo is not always a facia] paresis. Im- 
perfect closure of the lids may lie due to mechanical obstacles, as in exophthal- 
mos from various causes, or in the shortening of a lid as the result of injuries, 
Operations) or tumors. Such a dryness of the cornea is not infrequent in uncon- 
scious patients whose eyes close imperfectly, due to the loss of the lacrymal 
secretion during the somnolent condition. The opacities left in the lower seg- 
ment of the cornea by a keratitis e lagophthalmo often indicate in later yean the 
serious disease to which it has been subjected. Recently a man came into the 
clinic who had had several years before a very severe attack of typhoid fever 
with disordered consciousness, and presented the peculiar opacities at the margin 
of the cornea from which we could diagnose the former existence of a keratitis 
e iagophthalmo. Whatever may he the cause of this disease in any given case 
we must try to prevent its development from the start. 

During the day the feeling of dryness usually suffices to excite an increased 
reflex action of winking: if this is absent or impaired we must bandage the eye. 
This must always be dune during the night. A large quantity of some indif- 
ferent ointment, like that made with boric aeid, is applied to the open palpebral 
fissure, and over it is secured an ordinary moist dressing. The original cause 
(if the lagophthabnos must be dealt with. Ao ectropion, or a shortening of the 
lid, must he obviated, fuses arc met with in which the eyelids are congcnitally 
short; such persons sleep with imperfectly closed eyes and develop, as a rule, an 
obstinate blepharitis, which must not be thought to be the primary cause (if the 
lagophthalmos. If the fundamental cause cannot be obviated and the lagoph- 
thalnuM is incurable we try to shorten the palpebral fissure so as to prevent as 
fur as possible the danger of desiccation of the cornea. We employ the little 
operation of tarsorrhaphy for this purpose. 



156. Prognosis and Treatment of Pareses of the Ocular Muscles 

We have found a great variety both in the causes of parcscs of the ocular 
muscles and in the sites of the lesions that produce them, but our duty is not 
done with the clinical analysis. We are not simply diagnosticians, we are physi- 
cian* as well. We must not only determine which muscle is affected and try to 
!'" it. Hie lesion, but we must endeavor to ascertain its true cause in order to 
attack it with our therapeutic measures. Two ways are at our disp'.ul by 
means of which tu determine the cause. Here, in the clinic, where it is my duty 
ta [mike my students acquainted with the eye symptoms, we naturally try first 
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FlC. 126c— Paresis of the Right Trochlear is. 
Paresis of Right Internal Rectus aid Trochlearis in a Case of Arteriosclerosis. 



GENERAL EXAMINATION 



ni:j 



to read from these the cause of any paresis that may bo present. Thia a the 
nuon why I have arranged such practices in differential diagnosis ns we have 
had in connection with the ophthalmoplegias and with ptosis. Dut we must be 
bones! enough to admit that such a confinement to the eye symptoms leads by 
BO means always to the desired result. The eye can tell us much, hut often not 
all. We need the examination of tha entire organism from the point of view of 
the internist, and the neurologist, to discover the etiology of a paresis of an ocu- 
lar muscle.. Take, for example, a case of ophthalmoplegia interna of one eye. We 
know that syphilis is the first tiling to he thought of, but we must have eer- 




FlC. 127a.— Primary Position : The Left Eye la 
Fixing, the Right Is Deviated Downward by 
the Secondary Contracture. 



Fig, 127b. —Lagging Behind of the Right Eye 
in Looking Upward, the Left Eye Still 



Old Paresis of the Right Superior Rectus. 



tninty, rather than probability, and therefore have to call in the aid of Wnsaer- 
HUfHl'j reaction. Every paresis of mi ocular muscle should cause the physician 

t ik. ;. thorough examination of the entire organism. With this monition 

firmly fixed in mind our exercises in the diagnosis of these cases will not have 
been in rain. We undertake this general examination and carry it as far as we 
arc able, hut it is the rule in this clinic that every neurologic eye case i> re- 
examined by either the internist or tin- neurologist. I am particularly grateful 
for the cooperation of my colleague Schultze of the neurological clinic. How 
macn the cause of n paresis of an ocular muscle may vary can be inferred from 
what we have learned in our study of the differential diagnosis of ptosis. From 
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these differences in the etiology we obtain two clinical point* with which we may 
bring this discussion to a close, the prognosis and the treatment. 

L Prognosis of Pareses of the Ocular Muscles 

If i- evident that the prognosis varies in the individual case according to the 
site of the lesion, as well as the extent, severity, and nature of the diaeou, •< l 
is impossible to itate anything positively. In general it may be said that the 
prognosis of rheumatic pareses, as well as of those due to slight intoxications or 
infections is good. Likewise those due to minute hemorrhages in the region of 
the nuclei are accustnn.td to improve more or less. I have alrcadv stated that 
tabetic pareses have a fleeting character, they disappear quickly, but also re- 
appear. The result in syphilitic pareses cannot be calculated upon; sometimes 
!i::\ disappear promptly under specific treatment, but often they are not influ- 
enced at all. I can demonstrate this by a ease which has been under the joint 
treatment of this and the neurological clinic. 

P. Oskar, locomotive engineer, 54 years old, According to the statement of 
his physician lie contracted syphilis six years ago and was placed at once under 
treatment, but discontinued this after ten injections. About three months ago 
he noticed that he raised his eves with difficulty, and then he began to see 
double. 

A strong muscular tremor can be seen in his right upper lid when his eyes 
are closed. When he looks at a distance his right eye deviates 2a 3 outward 
and V upward. An interpretation of the double images is possible only in so 
far as the outward deviation may he ascribed to a marked paresis of the internal 
rectus together with a slight paresis of the superior rectus. As the right eye 
maintains common fixation with the left for only a short time, in consequence of 
the paresis of the internus which has lasted some months, nystagmoid twitch- 
ings of both eyes, but especially of tho right, follow every direction to fix, after 
which he usually succeeds in fixing an object binocularly, even though it is only 
15 cm distant. The right eye then- deviates outward very quickly and occasion- 
ally the left internus appears to be weak. In addition to this every movement "f 
the lye is visibly associated with a certain strain, even when he looks in direc- 
tions hi which the eye still maintains maximal excursions. The symptom of a 
bilateral exophthalmos is explainable in part perhaps by a general relative pa- 
rens. It is greater in the more paretic eye and is, as measured with HtrteFt 
instrument, right. 22 mm ; left, 1H mm. It is difficult to determine whether there 
is any paresis of the accommodation or not, but as, being a myope of 1 dioptre, 
he should at his age read, print at 50 cm, and as he reads the finest print at 25 
cm with 2 D, the accommodation cannot be greatly impaired. On the other 
hand both pupils are dilated and have reflex immobility. 

The neurological report is briefly: Small, corpulent man with strong 
muscles. Fifth nerve intact. Seventh nerve symmetrically hyperinnervateih es- 
pecially the lower branch. ' The tongue deviates to the left when protruded, 
trembles and undulates violently; the lower jaw also tremhles. Considerable 
tremor of the hands, no Quini/mtnd, strength good, no ataxia. Sensibility to 
touch and pain good. Hyperesthesia for cold in the groins. Movements in the 
small joints normal. Patellar reflex weak. Right Achilles reflex weaker than 
the left. Cremasteric reflex -\-. Abdominal reflex lively. Arm tendon reflex -(-. 
Corneal reflex -J-. Psychic condition : Dull sense of comfort; always replies that 
he feels well. Power of observation much impaired. Apprehension dulled. Se- 
rious impairment of speech. 
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IL Treatment of Pareses of the Ocular Muscles 

In such a case as this the treatment is naturally directed toward the cause, 
mercury and iodide. In rheumatic pareses we use aspirin, sweating and hot 
baths. When the case is one of arteriosclerosis, the treatment must be in this 
direction. 

Local, symptomatic treatment is to be added. Galvanization with weak cur- 
rents is the principal remedy. The kathode is placed on the nape of the neck, 
the anode on the lids or temple. The effect produced is often good for a time, 
but the final result is apt to be slight. We may be of assistance in one way 
in many cases. The symptom which annoys the patient most is the diplopia, 
and this disappears at once as soon as one eye is covered. The patient does 
this for himself in case of need by closing one of his eyes. We may therefore 
cover one with a .patch, or exclude it from the act of vision by means of an 
opaque glass. The paretic eye is the one usually excluded in this way. Treat- 
ment with prisms is useful to only a very limited extent. 

Operative treatment is to be thought of only in suitable cases, after the 
'disease has passed completely away and a large degree of paralytic strabismus 
persists after months of treatment. One indication for an operation is when 
we can establish the fact that the strabismus is increasing through secondary 
contractures of the antagonistic muscles. In such a case we first try advance- 
ment of the paretic muscle, with tenotomy of its antagonist when its secondary 
contracture is abnormally high. Operative intervention is particularly justi- 
fiable in paresis of one of the obliqui. Advancement of the antagonist, with 
perhaps tenotomy of the rectus of the other eye that acts in concert with the 
paretic muscle, may be indicated in such a case. For example, if the left 
superior oblique is paretic, so that the eye is deviated somewhat upward and 
inward while its upper pole is inclined to the left, we may tenotomize the in- 
ferior rectus of tlxe right eye so as to deviate the line of vision of the right 
eye upward. At the same time a diminution of the convergence may be secured, 
and the corresponding meridians rendered more parallel in this way, for by 
weakening an outward rotator of the right eye its upper pole must be inclined 
to the left, the same as that of the paretic eye. All operative interventions are 
contraindicated when complicated pareses of the ocular muscles are present. 



XV 

Neurology of the Eye 



157. The Relations of the Trigeminus to the Eye,, and Trigeminal 

Neuralgia 

This patient tells us that very severe pains radiate at times from a certain 
point above his right eye, which corresponds to the supraorbital foramen over 
his forehead. Pressure on the supraorbital nerve causes him to shrink from 
the pain, and he seems to have a neuralgia of this branch of the trigeminus. 
We have a great deal to do with the irritations and diseases of this nerve in the 
eye clinic, so we will first recapitulate the portion of its anatomy which is of 
clinical interest to us. The first question is : How do the fibres of the trigeminus 
reach the eve? 

1. Course of the Trigeminus to the Eye 

The trigeminus arises by two roots at the base of the brain from the pons, 
or the ventral surface of the middle cms cerebri. The anterior root contains 
the motor, the posterior the sensory fibres. They lie close together with tKe 
motor root on the lower median side of the other. The nerve passes over the 
apex cf the petrous portion of the temporal bone through an aperture in the 
dura a little to the side of the place of exit of the abducens, into a cavity 
formed by the upper surface of the petrous portion of the temporal bone and 
the dura, known as the cavum MeckeliL In this cavitv, which is situated lat- 
erally from the sinus cavernosus and extends forward to the median angle of 
the fissura orbital is superior, the foramen rotundum and the foramen ovale, the 
posterior root forms the Gasserian ganglion. Beneath passes the anterior 
motor root to unite with the third of the three branches of the trigeminus that 
arise from this ganglion. The first of these branches, the ramus ophthalmicus, 
enters the orbit through the superior orbital fissure, in which it divides into three 
principal branches* the supraorbital, lacrymal, and nasociliary nerves. These 
three branches supply, through their filaments, the skin of the head from the 
palpebral fissure to the vertex of the skull, the conjunctiva, cornea, iris, ciliary 
body and part of the nose. The twigs of the supraorbital nerve send sensory 
fibres to the upper lid, eyebrow, glabella and the skin of the forehead and temple 
as far up as the vertex. The lacrymal sends sensory twigs to the conjunctiva, 
upper lid and the skin of the temple, and also furnishes secr^ory fibres to the 
lacrymal gland. The nasociliary nerve supplies the conjunctiva, caruncle, 
lacrymal sac, upper lid, eyebrow and root of the nose: one of its branches, the 
ethmoidal nerve, supplies the tip and a large part of the interior of the nose. 
From the nasociliary nerve the radix longa extends to the ciliary ganglion, 
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and the long ciliary nerves pass directly to the eyeball. The ciliary ganglion 
lies in the orbit between the optic nerve and the external rectus. It has three 
roots, the radix longa or sensory, from the nasociliary nerve, the radix brevis, 
or motor, from the oculomotor nerve through a branch that runs to the in- 
ferior oblique muscle, and the radix sympathica, from the carotid plexus. The 
ciliary ganglion gives rise to the short ciliary nerves, which perforate the 
sclera near the entrance of the optic nerve together with the long ciliary nerves. 
These ciliary nerves pass forward between the sclera and chorioid, and form a 
large close meshed plexus in the ciliary body from which the iris and cornea 
are supplied. The nerves to the cornea pass into it from the sclera, together 
with minute ones from the conjunctiva. 

2. The Physiological Relations of the Trigeminus to the Eye 

It must be remembered that the ciliary nerves contain fibres not only of the 
trigeminus, but also of other nerves. They contain 1, the sensory nerves for 
the cornea, conjunctiva and iris, which excite in a reflex manner the flow of 
tears (the lacrymal nerve), and the closure of the lids (the facial nerve) ; 2, the 
vasomotor nerves for the vessels of the iris, chorioid and retina, that come pri-- 
marily from the sympathetic; 8, the motor fibres for the dilatator pupillte 
from the sympathetic root of the ciliary ganglion. We learn whether the 
physiological relations of the trigeminus to the eye are normal or not by ascer- 
taining the quality of sensibility in the anterior segment of the eyeball. 

We determine first Whether the sensibility of the cornea and conjunctiva 
is normal by testing it with a bit of cotton. Views are still divided in regard 
to the qualities of sensation possessed by these tissues, v. Frey tested the sen- 
sitiveness of the cornea with hairs of different sizes, and according to Nagel 
the conjunctiva and cornea can differentiate between heat and cold, but the cold 
touch alone produces a specific sensation of temperature. At the same time 
that we test the sensitiveness we notice whether the reflex activity of the tri- 
geminus to irritation of the anterior segment of the globe is normal. A tran- 
sient irritation of the cornea and conjunctiva causes a marked hyperemia of 
the conjunctival vessels, the ordinary closure of the lids is excited through the 
trigeminus, and the eye responds to the irritation produced by touching it 
with an increased secretion of tears. The patient also makes a movement of 
the head to escape the pain excited in the cornea. Still other reflexes may 
be excited through the trigeminus in rare cases. Thus when the conjunctiva 
is irritated a short interruption of the respiration, due to an inhibitive action 
of the laryngeal nerve, may occasionally be observed. Reflex swallowing or 
sneezing may sometimes be caused by instillations of drops into the con- 
junctival sac. 

3. Neuralgia of the Trigeminus 

Our patient is hypersensitive throughout the region supplied by the first 
branch of this nerve. We speak in general terms of a neuralgia when the pain 
is fairly" severe, appears in paroxysms, and is along the course of a certain 
nerve. The diagnosis of a typical neuralgia of the trigeminal nerve is there- 
fore not difficult. The symptom which is more or less common to all these 
neuralgias is that the pains appear either quite suddenly, or after certain 
premonitory signs, such as a feeling of chilliness, tingling and slightly painful 
sensations. The patients can specify accurately the extent of the pain, which 
corresponds to that of the nerve affected. 
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An objective examination reveals distinct disturbances of sensation. We 
teal whether the sharp end of ft needle can bo distinguished from the blunt, 
whether the perception of heat is norma), etc. During the interval between 
attacks there is in many cases a more or less marked anesthesia, but usually 
we find the affected area hypcr.Tstlietic. We also look for certain points that 
are senaitree to pressure. When wo press upon the place of exit of this nerve 
beneath the superciliary arch the severe pain causes the patient to groan. A 
distinctly increased sensitiveness to pressure may be found at this point even 
during the intervals. These sensitive points are generally to be found at plat 
where we Dan press the nerve against a firm substance. Such a point 
exists at the supraorbital foramen in supraorbital neuralgia, less frequently 
at the Inner canthus and on the tuber pariotalc. In neuralgia of the second 
branch sw find them at the infraorbital foramen and an the malar bone The 
alvcolaris inferior is the portion of the third branch that is most commonly 
affected, though a neuralgia of the auriculotemporal, or of the lingual may 
occur. The principal point sensitive to pressure is at the mental foramen. 

The course of trigeminal neuralgia varies a great deal. The pain tnay 1 
mild and the attack pass off quickly, or it may be extreme and radiate into 
the neighboring parts, into the occiput, the nape of the neck and the shoulders. 
The attacks may be of very short duration, or they may last for hours. The 
intervals between the paroxysms likewise vary a great deal. At these times 
the patients may feel perfectly well, but a certain sensitiveness of the >kin per- 
sists in many of them. Extremely severe, incurable eases have driv. a 
to suicide. All of this depends naturally on the cause and the severity of the* 
disease. The neuralgias of the first branch of the trigeminus, with which we 
have mainly to deal, are usually mild. A phv-ician often confines himself ti- 
the diagnosis merely of trigeminal •neuralgia, based on the sensitiveness of the 
nerve to pressure, but he should in every case try to determine whether Hi. 
neuralgia is primary, or secondary to some other disease. These affection* occur 
most often in middle and old age, are met with more in women than in men, 
and are favored by a neuropathic predisposition, the bodily constitution, ana-mia 
and overstraining. 

The causes are: 

1. The so called catching cold. We speak of these as cases .if rheumatic 
neuralgia. 

%. Injuries in which the nerve has liecn crushed. 

ii. [nfeetions and intoxications. We meet with neuralgia of the trigeminus 
in herpes nostcr, during the course of malaria, in the secondary stage of syphilis 
and in chronic alcoholism. 

+. Constitutional anomalies. Neuralgias are not of rare occurrence in gout 
and diabetes. 

We must take all of these things into account in each individual case, but 
quite a number of morbid changes occur in the vicinity of the eye, to which 
"in- attention is first attracted by the presence of a trigeminal neuralgia, We 
look immediately for disease of the teeth in neuralgia of the second branch, 
but in all forms we must ascertain whether the trouble is not caused by an 
affection of the nose, of the frontal sinus, or of the middle ear. A periostitis 
of the margin of the orbit may be the cause, and in many cases a trigeminal 
neuralgia ip a sign, or a precursor, of an intracerebral disease. 

The treatment naturally depends on the condition found to be present. 
Surgical intervention, neurectomy, becomes necessary in very severe cas,s. hut 
frequently the causal indication is toward the extirpation of tumors, or the 
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treatment of diseases of the accessory sinuses. Injections of alcohol along 
the course of the nerve have been made with success. A causal treatment can 
also be carried out in neuralgias that are due to such general diseases as 
anaemia and syphilis. Quinine and arsenic are indicated in malaria. 

At the time of the paroxysm we may try such internal remedies as sodium 
salicylate, antipyrin, antifebrin, phenacetin and salipyrin. Locally we apply 
heat to the eye, use electricity and employ a careful massage. 



158. Paresis of the Trigeminus and Keratitis Neuroparalytica 

This is a case that I would like to impress firmly on the memory. The 
trouble seems to be corneal at first glance, and yet it appertains to the neurology 
of the eye, for the disease present is of a nerve. The patient presents a num- 
ber of symptoms on the part of the central nervous system indicative of a tumor 
of the brain, into which we will not go in detail, but he would never have come 
to us if a very characteristic condition had not developed in one cornea a few 
days ago. 

L Clinical Picture of Keratitis Neuroparalytica 

A fact which is very striking is that the eye is irritated very little, in spite 
of the gravity of the condition in the cornea. Ciliary injection is present, but 
the eye does not lacrymate, and the patient states that he has no pain. These 
two symptoms indicate a paresis of the trigeminus. The entire region supplied 
by the first branch of this nerve is anaesthetic. The picture presented by the 
cornea itself .is quite peculiar ; its centre is dull, opaque and denuded of epi- 
thelium far toward the periphery, leaving only a narrow strip at the margin 
which is clear and covered with epithelium. The floor of this large defect is 
cloudy. 

In keratitis neuroparalytica the centre of the cornea first becoiries dull, then 
the epithelium begins to be cast off; the cloudiness increases, the floor of the 
loss of substance becomes more and more gray, and may finally become purulent. 
Another striking point is that the course is extremely slow. In less severe cases 
the epithelium may remain in place, lustreless and dry. When it has once been 
cast off ulcerations readily develop from secondary affections, which at least 
leave behind them dense opacities, but usually go on to perforation, prolapse 
of the iris, or applanatio corneae. As this disease is dependent on a paresis 
of the trigeminus, the prognosis naturally depends on the cause of the paresis. 
We are almost impotent in the presence of this inflammation of the cornea, 
and can treat it only in the same way as other forms of keratitis, with ointment, 
bandage, atropin and beat. 

As neuroparalytic keratitis is of greater diagnostic than therapeutic interest 
I wish to call attention to the fact that it possesses a certain degree of similarity 
to keratitis e lagophthalmo and to kcratomalacia, yet all three are easy to 
differentiate clinically. Keratitis e lagophthalmo begins, as a rule, in the 
lower segment of the cornea, in keratomalacia all parts of the cornea are dull 
and hazy. We meet with the latter chiefly in little children in whom the nutri- 
tion is greatly impaired, and we notice that the dryness persists even when the 
eye is bathed with tears, because the fluid cannot moisten the epithelium that 
has undergone fatty degeneration. In keratitis neuroparalytica on the con- 
trary the secretion of the tears has been lessened because of the paresis of the 
trigeminus. 
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IL Origin of Keratitis Neuroparalytica 

The ntudy of neuroparalytic keratitis begins with the question whether the 
trigeminus contains trophic fibres, which pertain to the nutrition of the tissues 
in addition to the sensory ones. 

Mafrrndic showed experimentally that keratitis neuroparalytica appears in 
rabbits after intracranial section of the trigeminus, and ascribed it to the 
lesion of the trophic fibres which reach the eye through the ciliary nerves. 
Since his time numerous researches have been instituted, into the details of 
which we cannot go. I will simply mention the most important and sketch the 
development of our knowledge to its present condition. 

The existence of trophic fibres in the nerve was contested very soon. 
Sntiltn showed that by suturing together the lids, or by suturing one of their 
ears into the palpebral fissures of the animals, the onset of a keratitis neuro- 
paralytica was delayed, or wholly prevented. He believed this to be essentially 
a traumatic affection, due to the lodgment of foreign bodies on the cornea in 
consequence of the anaesthesia, which rendered the eye unable to protect itself 
any longer against very slight injuries. Other investigators made compromises. 
Sum Ht I maintained that in a paresis of the trigeminus the power of resistance 
of the cornea was impaired in consequence of the lesion of the trophic nerves, 
so that insignificant injuries that would be borne by the healthy eye were 
productive of disease. Others, like Schiff and SeydtU thought more of the 
vasomotor influence. Section of the trigeminus causes a paresis of the nerves 
that supply the vessels, so they thought that vasomotor disturbances might be 
of importance, in addition to the anaesthesia, in the origin of this disease. 

The contest wavered hack and forth for a long time. The generally 
accepted opinion today is that two tlieories, the xerotic and the mycotic, are 
to he combined to explain its origin. Fener showed by experiment that section 
of the trigeminus docs not directly impair the nutrition of the cornea, but that 
the keratitis *as rather due to tin* cessation of the act of winking. The portion 
of the come* lying in the palpebral fissure becomes dry and the inflammation 
is introduced through this necrosis of the tissue. We can in fact essentially 
explain keratitis neuroparalytica by means of this drying of the cornea, as 
i\ MirpW later set forth clearly, but for most cases the aid of the mycotic 
theoxx, propounded by Mvrfa, is also ne^dciL Ebertk* Balogk. Panes and 
uvaux other* are right in their claim that the entrance of inflammatory agents 
is wva\)c pos>ihle b\ this desiccation of the cornea* One thing at least has been 
oWhkxK that true trophic werxe fibres are not present in the cornea, for Krause 
has performed qxnte a mnwlvr of extirpations of the Gusmrriam ganglion on 
human bciw^ without causing neuroparalytic keratitis. 

I aill repeat: We wo* think the cause of Keratitis neuroparalytica to be 
that in oow>*\\\kwov of the paresis of the truyctkuis and the anesthesia so 
|M\\tttwd the act of *iwk:tt£ becomes ivjoiv infrvqxxBt,, the eye becomes less 
wv*»t, thv epithehiuw dr>o awd weerosv*. Ir. -uil c*s» that may be all, or 
tbe necfvtv t ; .vx\v w*a\ e\o:tv a rvaovSe : r.£!tr*:$oR of the cornea- bat in grave 
o**es n*vv\vr£aiV>>tt* xvtt\* ; .r. *V rsoorosv jre* arx! tSf i?JUarmation extends. 
WV^ tisw *x *s% »ou?v)vira*x t v Vvrat :! : > :~ sivt* of * xxanwi* of the trigeminus, 
sVUfet>!v*tx w«\» V v*v«v.t *SvV twx^r:* **v *5esve*txie: rf tbt cornea or cause 
an k\v^\! MVsv^t of ^v^tw. S^vV ootnvtxnt* *re *Vc3»lant~ Some men 
***V *kn*v ortv« ?Saw otSrr^ If a ~\*<* %*v S*s S^ ■* acra&nMd to wink less 
ft\\w*!*\ *n$v*x tts>tt k * \v*rox> o? tV tT*j5e^ ; fu?!k tSr £tt:!tc£mi in l» winking 
**\* w tW \t*4e tatv* o4 tlv tv**^ owr :>v *\* ttat resch sa diinu* of the 
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cornea and keratitis, while in another, who winks more frequently, the same 
amount of diminution may not cause any noticeable disturbance. In addition 
to this there are other individual differences, such as those in the width of 
the palpebral fissure, and in the position of the eye in the orbit, which need 
to be taken into account. We must not forget that the power of resistance 
on the part of the epithelium of the cornea varies a great deal, as well as 
the predisposition of the eyes to the occurrence of secondary infections. I 
believe this to be at least a plausible explanation of how neuroparalytic keratitis 
is produced. 

The next question is: What causes the paresis of the trigeminus? 

III. The Causes of Paresis of the Trigeminus 



It has been shown by the conditions found on autopsy in cases in which 
the trigeminus was diseased, collated by Wilbrand and Saenger, that paresis 
may be caused by a lesion at any point in the course of the nerve from the 
superior orbital fissure to the nuclear region. 

The first question in the differential diagnosis of the site of the lesion is 
whether this is a total or a partial paralysis. A total paralysis of the tri- 
geminus results not only in a sensory disturbance over the entire area supplied 
(face, conjunctiva, cornea, mucous membrane of the nose, mouth, tongue,, 
cheeks and palate), but also in a paresis of the muscles of mastication, and 
sometimes in secretory troubles. Primary, isolated, total paralysis of the 
trigeminus is very rare. Total paralyses of this nerve are met with most 
frequently in connection with affections of the base of the skull, such as syphilitic 
meningitis, tumors, aneurysms, periostitis, hemorrhages, fractures, shot and 
stab wounds. A total paralysis must also be produced when the root of the 
trigeminus and the region of its nucleus in the pons is destroyed. Affections 
of the Gasserian ganglion also need to be taken into account. 

If total paralysis of the trigeminus can be excluded in a case in which the 
condition present is one of anaesthesia of the area supplied by the -first branch 
of this nerve, the interruption of the conductivity of which must render the 
conjunctiva and cornea anaesthetic, we must not think that the lesion is neces- 
sarily situated peripherally to the Gasserian ganglion. The cases of autopsy 
collated by Wilbrartd and Saenger show that sensory disturbances may be 
excited in the first branch by lesions situated anywhere along the entire course 
of the nerve. The only thing necessary is that the fibres belonging to that 
branch be affected. The conductivity may be interrupted in the orbit, as by 
an opticociliary neurotomy, or by a gumma in the apex, or the lesion may 
be in the cavernous sinus, at the base of the brain, in the Gasserian ganglion, 
or even in the region of the root in the pons, but in general a lesion that injures 
a single branch causes sensory disturbances throughout the region supplied 
by the nerve. In trigeminal affections of the eye we frequently meet with 
sensory disturbances confined to small areas. The cornea and conjunctiva may 
be anaesthetic along with single patches of skin. Such a condition is indicative 
of a central lesion, according to neurological experience, because the region 
of the origin of the trigeminus is very large and may suffer partial destruction. 
We are indebted to Oppenheim for the proof of the important clinical fact 
that in tumors of the cerebellum an areflexia of the cornea and conjunctiva may 
exist for a long time. In many cases in which the trigeminus is affected the 
anaesthesia is confined to the cornea and conjunctiva. Such an anaesthesia may 
be produced by a peripheral lesion. A fact of practical importance is that this 
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anaesthesia may be preceded by hyperaesthetic and neuralgic conditions when 
the cause is a growing tumor, or a meningitis. The sensory disturbance in 
the eye may also take the form of the so called anaesthesia dolorosa, when lively 
subjective neuralgic pains coexist with the objective absence of feeling. It is 
evident that in such cases the conductivity of the nerve is interrupted as far 
back as the lesion, to the central side of which it still responds to conditions 
of irritation. 

After these rather general remarks concerning neuropathic keratitis we 
will consider what conditions have to be taken into account in practice in most 
cases. 

i. Injuries of the Skull 

Numerous cases have been reported after fractures of the base of the skull, 
shot and stab wounds. 

£. Tumors of the Brain 

Anaesthesia in the region supplied by the trigeminus is a frequent symptom 
of tumors of the cerebellum and especially of the pons. Solitary tubercles 
have a certain predilection for these situations. Neuralgic pains, paresthesias 
and hyperesthesias may precede the neuroparalytic keratitis in the case of 
a growing tumor. 

3. Syphilis 

When injury and tumor can be excluded syphilis is the probable cause, for 
the trigeminus is apt to be primarily involved in gummatous growths at the 
base of the brain, the same as the opticus, oculomotorius and abducens. 



159. The Trigeminus and Herpes Zoster 

There are some diseases of the eye the diagnosis of which is very easy. This 
is one of them. 

After some days of lively neuralgic pain over the right eye an eruption of 
vesicles 1ms appeared on the right side of the forehead and the right upper 
lid, especially in its inner portion. The upper lid is very oedematous and red, 
the swelling extends up to above the edge of the hair, but stops abruptly at 
the median line. The conjunctiva is much injected, the cornea is normal: the 
patient has photophobia and increased lacrymation, the preauricular gland is 
somewhat swollen. This is a herpes of the eyelid. Herpes appears on the 
eyelids in two distinct forms: as herpes simplex and as herpes zoster. 

L Herpes Simplex 

Herpes simplex is a mild disease. A simple herpes appears on the lips 
in febrile diseases of the respiratory organs, and still more in digestive dis- 
turbances: associated with it single vesicles may appear on the eyelids, in the 
intermarginal space or at the outer canthus, or these may appear by them- 
selves. The prognosis is gxxnl ; the contents of the vesicles become cloudy and 
dry up after a few days. Treatment *ith a simple ointment is sufficient. 
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IT. Herpes Zoster 

Herpes zoster is distinguished from herpes simplex by two important 
features; the iiilhiiiimatorv symptoms of the skin disease itself are more severe 
and serious complications in the eye are much more common. We need to study 
tlie origin and course of herpes zoster in order to understand the clinical 

picture. 

1. Origin and ('ours,- of Herpes Zogttr on the Sl.in /if the Ltd 

Herpes zoster ophthalmicus is an Inflammatory affection of the skin, char- 
acterized by the appearance of vesicles or blebs along the terminal filaments 




Flo. 128.— Right Eye: Herpes Zoster Ophthalmicus. 

of the trigeminus. This eruption of vesicles may take place on both the upper 
and lower lids, but usually the disease is confined to the rami heat ion of the first 
branch of the trigeminus. 

The eruption is usually preceded by neuralgic pains that arc extremely 
severe and may outlast the vesicles. At the same time that the sensitiveness 
of the trigeminus is increased the eve itself begins to Income photophobic, 
while the skin of the lid reddens and grows tedematous. The swelling may be 
so great that the upper lid can scarcely he raised. Then the vesicles appear; 
they may be quite discrete, may he confined to single twigs of the ramus 
ophthalmicus, or may be uniformly distributed. The inner third of the brow 
is the part affected, as a rule. 

At this stage a careless observer may think of erysipelas, especially as the 
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lymphatic glands of the ear are swollen, but the arrangement of the vesicles, 
the fact that the median line is rarely if ever passed over, and the neuralgic pains 
immediately indicate the diagnosis. All of the vesicles may be formed at once, 
but sometimes they appear in successive crops. Another clinically diagnostic 
sign is that in the overwhelming majority of cases herpes ophthalmicus affects 
only one side, as was pointed out by Hutchinson, though it may be bilateral 
at time. It may occur at any age, but is most common in old people. Men 
are affected more commonly than women. 

The nature of this neurotic inflammation is still obscure, though many 
hypotheses have been advanced in regard to it. The fact is that herpes Zostei 
is an acute disease of the nervous system. Modern researches, especially those 
of Head arid Ciuupbell, make it more and more probable that it is an acute in- 
fectious disease with its seat in the spinal ganglia. The morbid agent has a 
specific affinity for the spina! ganglion analogous to that of the agent of 
acute poliomyelitis for the substance of the anterior brain. But these things 
are still wholly unknown. A toxic cause has been ascribed in many casa of 
herpes zoster, ns when associated with carbonic acid poisoning, gout and 
diabetes. Injuries which have been followed by it have frequently been 
reported. 

The next step in the course of our case will be that the serous content™ 
of the vesicles will become cloudy, then purulent, and finally dry into crusts. 
This process requires several days, so the period of eruption takes in all about 
three weeks. As the loss of substance caused by the formation of vesicles in- 
tends into the corium scars are usually left, from the characteristic situation 
of which it can long be recognized that the patient has suffered from an attack 
of herpes zoster. Herpes zoster gangnenosus is produced in rare cases by 
the spreading of the ulcers in consequence of secondary infection. 

The treatment is essentially symptomatic. We give iodine and arsenic 
internally to improve the general condition, while we dust the eruption locally 
with a dry powder and apply boric acid or iodoform ointment. When aspirin 
and phonacetin are unable to control the severe neuralgic pain we are some- 
times obliged to use morphin. 






E. Complications on the Part of the Eye in Herpes Zoster 

The prognosis of herpes zoster may generally be said to be good, at least 
when its course is typical, hut a number of serious complications may take place 
in or about the eye which must he taken into account in any particular case. 

a. Ocular Complications 

An increased secretion of tears ordinarily accompanies the onset. The 
conjunctiva is commonly injected and herpes vesicles may appear upon it. 
The prognosis depends mainly on the involvement of the cornea which Is affected 
in about a third of the eases. I have repeatedly mentioned the Importance 
of the trigeminus to the cornea, and after an attack of this disease a paresis 
of this nerve may remain and a neuroparalytic keratitis may develop still later. 
Or an eruption of vesicles may appear on the cornea at the same time as the 
eruption on the skin. It is by no means necessary that the eruption throughout 
the region supplied by the nasociliary nerve should he simultaneous with the 
affection of the cornea, according to Hutchinson. The cornea alone may suffer, 
or the herpes may be present along the course of the nasociliary nerve without 
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involving the cornea. In other cases its surface is slightly cloudy, although 
no defects can be seen in the epithelium. In still other cases the cornea looks 
as if it had been pricked with needles. Deep, parenchymatous opacities also 
appear, due to infiltration, the involution of which takes a long time. 

It hardly needs to be said that ulcers may develop on a cornea with such 
lesions through secondary infection. Sometimes all of these complications 
appear late in the course of the disease, so the cornea needs to be watched 
carefully throughout, especially as fine opacities may easily escape observation. 

The iris may become inflamed either secondarily to the affection of the 
cornea, or independently when the cornea is not involved. A subacute scleritis 
may also be met with. Inflammations of the optic nerve resulting in atrophy 
have been observed, and almost always the intraocular tension is reduced. This 
hypotony sometimes lasts a long time. 

b. Extraocular Comnlications 

Chief among these complications are pareses of the nerves of the ocular 
muscles, the oculomotor, facial and abduceris. In old people the disease is some- 
times fatal. An important point is that in many cases neuralgias, paresthesias 
and anaesthesias persist in the region supplied by the first and second branches 
of. the trigeminus. The sensitiveness of the conjunctiva and cornea may be 
lost for a long time and the supraorbital neuralgias are extremely obstinate. 
I know a patient who has suffered many \cars from such a neuralgia which 
followed an attack of herpes zoster ophthalmicus. 



160. Physiological Importance of the Orbicularis and Spasm of This 

Muscle 

The orbicularis is supplied by the facial nerve and is the muscle that closes 
the palpebral fissure. Morbid disturbances in its activity consist on the one 
hand of spasms, on the other of paresis. In order to understand the clinical 
pictures presented we must first recall to memory some points in the normal 
action of this muscle. 

L Physiological Importance of the Orbicularis 

This muscle is one of the most important protective organs of the eye; 
when an object approaches it covers the anterior and lateral portions of the 
eyeball by a closure of the lids. The movement of the lids cleanses the cornea 
of dust and desquamated epithelium, keeps the moisture of the cornea uniform, 
prevents it from becoming dry, and also drives the tears toward the inner 
can thus. When these important functions are impaired the eye must suffer 
severely. 

The orbicularis can also improve the vision by the contraction of the pal- 
pebral fissure. We often see this done, for instance by myopes, but the move- 
ment cannot be carried too far, for if it is, vision will be interfered with by the 
irregular diffraction of the light by the cilia. 

The closure of the lids in a healthy person is partly voluntary, partly reflex. 
We can readily convince ourselves, from the intensity with which we can close 
our eyes, that the action of the orbicularis is complicated. Not only the lids, 
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hut the neighboring parts of the skin as well may move, because the orbicularis 
in connected with the corrugator supercilii, the levator labii superioris aheque 
nasi, and the zygomaticus minor. When the levator palpebral is relaxed the 
upper lid is moved downward by the peritarsal fibres of the orbicularis, and 
then drawn toward the nasal side by the contraction of the epitarsal fibres. 
The latter movement alone takes place in the lower lid. The entire orbicularis 
contracts only when we squeeze our lids together. The margins of the lids 
are pressed firmly together by the palpebral fibres, while the simultaneous 
contraction of the orbital fibres causes two folds to appear in the skin, one 
above, the other below, which are called covering folds, and produces a sort 
of second closure of the eye, in which the corrugator supercilii takes part, 
but the frontal portion of the occipitofrontal does not. The latter muscle 
opposes the drawing together of the skin over the eye. It is also to be seen 
in this voluntary closure of the eyelids that the skin is displaced at the outer 
canthus and that numerous little folds are formed in the skin of the lower 
lid. If we close our eyes gently, as in sleep, we innervate only the palpebral 
portion of the orbicularis. 

The mechanism of the reflex closure of the lids is constantlv in action. The 
eyes close involuntarily when a foreign body suddenly appears in the visual 
field, the direction of movement of which is not immediately recognized and 
may threaten to strike thenu or when dazzling light falls upon the eye. This 
reflex is excited by way of the optic nerve. Under certain circumstances we 
are able to utilize this reflex for purposes of diagnosis, when it serves to estab- 
lish a hemianopsia due to disease in the occipital Jobe although the patient 
is in a condition of stupor. The reflex arch between the optic and facial nerves 
passes through the optic centre of perception in the cortex of the fissura cal- 
carina. There is a sort of reflex closure of the lids excited through the optic 
ner\e *hich may be observed in many men who sneeze suddenly when brought 
from tin* dark into a bright light. A vigorous closure of the lids always 
follows the snee a\ Photophobic children suffering from keratoconjunctivitis 
evfvmatosa are often obliged to sneeze suddenly when we open their eyes. It 
is also due partly to this that many patients with myopia or astigmatism cor- 
respondingly regulate the width of the palpebral fissure. The reflex closure 
of the lids to moisten and cleanse the cornea is excited through the trigeminus. 
This reflex is utilised to test the depth of general anaesthesia by touching the 
conjunctixa and cornea. Slight sensory irritations suffice to excite a reflex 
action of the orbicularis from the surface of the eve. Under normal condi- 
tions an irritation of the extremely minute fibres of the trigeminus in the 
cornea induces a closure of the !kl<* as may Kr seen from the effect pro- 
duced b\ a foreign Ivdv in the ew. Th;s reSex closure is ahravs common 
to the ti\l> of both eves. Many men are unaKc to voluntarily close one eve 

*iOtt\\ 

l*tSer muscio nvaie corresponding nwwner.ts ceiacifcctly with the con- 
tract w.> of the orbicularis* a fact *hvh aptvrt*;:^ to the pky^ofagical action 
cf ths wum\v. A> scon a> at* attvtrrt is ?,%*oe to cies* the life both eves 
ur.«\\*vAtv!\ turn it ward atxi cuMarvu this s£o»s that tisere « an intimate 
cvkrcv^vk tvt*ovr t*v :rrvr\atvR cf tN; ecticc\*r* arx* t*i*t of the elevators 
of tNr c>vs> e^pecta^ of the ir.fervr oK>{W» TVls sovy»«it places the eye 
K:wat> tSe v:otoc-t:t\£ uvwr *\5 *>\^ t>< eves atv eixxL 

.\*vt\;r ^vwrw! cwwtvta^t *.:V. :\ cvc.tr»rtvr cf tibe orbicularis is 
tV e\vtr*rtx<« ct tV *ivv»ctvr yuv***\ »V v *> nsonrtly He*» studied by 
W\v*m^\ lt\ for e\**^\A\ %v iviS ajNart :Se ixis e* a t*b«tic patient and 
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direct him to close his eyes strongly a distinct contraction of the pupil can 
sometimes be observed. Independently of Westphal, Piltz has demonstrated 
this phenomenon in 85% of healthy persons. 

II. Spasm of the Orbicularis 

This patient is an elderly woman, who comes to us on account of a con- 
stant spasm of the lid. Peculiar tonic contractions of the orbicularis take 
place in both eyes at short intervals, and the eyes are closed for a considerable 
length of time. The patient states that she is absolutely helpless on the street 
because of this spasm. Otherwise her eyes are perfectly normal. The con- 
dition here is quite similar to that found in an old teacher whose retirement 
I had to recommend on account of such a blepharospasm." He was nearly run 
over on the street on one occasion because he was absolutely helpless at the 
moment of the spasm. If we study the symptoms in this woman a little more 
carefully we sec the margin of the lower lid rise at the moment of the attack, 
while the upper lid sinks at the same time. The palpebral fissure is drawn 
to a certain degree to the median side. Curved transverse folds form in the 
skin of the lid and in the vicinity of the eye. It is interesting to watch the 
efforts of the patient to relieve the spasm. She first presses up the skin of the 
forehead with her fingers, for the corrugator supercilii and the frontal portion 
of the occipitofrontal arc strongly contracted, and in addition she calls upon 
other muscles supplied by the facial for help by distorting her face and open- 
ing her mouth. 

Next is a child who presents the well known picture of blepharospasm due 
to keratoconjunctivitis cczematosa. 

It is not without design that I have presented these two cases together. Each 
represents a type of the two principal varieties of blepharospasm. Spasm of 
the orbicularis is cither a functional disturbance, or it is caused by an organic 
lesion, so (lie first question to he answered when we meet with such a con- 
dition as this is: Is the trouble functional or organic? 

J. Spasm of the Orbicularis as a Functional Disturbance 

Many healthy people exhibit a peculiar vibratory tremor of the lids when 
wc tell them to close tlieir eyes gently, as if asleep, and to keep thein thus closed. 
Thia i- known as Hotenback'l phenomenon. The corrugator supercilii and the 
other muscles supplied by the facial nerve are usually involved. The symptom 
is more distinct in neurasthenia. 

Many persons with perfectly healthy eyes frequently have repeated fibrillary 
twitcliings of individual bundles of fibres of the orbicularis which can In dis- 
tinctly felt. The bundles of fibres may also be seen to shimmer through the 
skin. Timorous persons arc often worried by them, but these fibrillary twitch- 
ings are of no importance, they disappear of themselves. Sexual excesses, or 
hard nenr work are frequently the causes in persons who are amende or 
neurasthenic. Sometimes we can induce such twitcliings artificially by the in- 
stillation of physostigniin into the conjunctiva] sac. If treatment seems to be 
necessary we may massage the lids, or prescribe small doses of bromide. 

There are conditions in which the twitcliings of the muscular fibres of the 
orbicularis are constant, and then we speak of a muscular tremor, or myokymia. 
This occurs in the course of facial pareses, migraine, etc. The cases in which 
a true, essential blepharospasm is met with are to be judged quite differently. 
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FlG. 129.— Blepharospasms Senilis at the Moment of the Yielding of the Spaams. 




Fig. 130.— Blepharospasmus in a Keratoconjunctivitis Eczemutusa of One Eye. 
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Such a blepharospasm may appear in the form of clonic spasms, which pro- 
duce a constant blinking, or the spasm may be of a tonic nature, when the 
eyes are kept closed for a length of time. Clonic spasms of the orbicularis 
are known as nictitatio, tonic as true blepharospasm. We meet with such 
functional spasms of the orbicularis in chorea. Here we may also mention the 
so called habit spasm. Some persons who are thus affected have in addition 
to the blinking of the eyes, twitchings of the mouth, and shaking movements 
of the head, a combination that is known as habit chorea. Another kind of 
habit spasm is to be seen in individuals who habitually try to cover their eyes, 
witli which they see badly, by nn incomplete closure of the lids. 

Blepharospasm is also observed in migraine and in epileptic convulsions. 
The tic convulsif of hysteria is very interesting. It may occur only on one 
side, but is usually present on both. The eyes are closed suddenly and remain 
so until they open just as suddenly. It has been known fjr a long time thai 
this hysterical blepharospasm can be arrested by pressure on certain tender 
points which ordinarily lie along the coarse of the trigeminus; if pressure is 
made at the places of exit of the supraorbital or infraorbital nerve the eyes 
open as if by magic, frequently to close again as soon as the pressure is removed. 
These points, sensitive to pressure, are often situated elsewhere. I have seen 
one patient in whom pressure on the tip of the nose stopped the blepharospasm. 
Such points have been observed in the nose, in the mouth, on the cartilages of 
the ribs, on the vertebra 1 , etc. This hysterical blepharospasm must not be 
mistaken for ptosis. If we lift the upper lid we feel the resistance made by the 
orbicularis. The eyebrow is situated lower and vertical folds are present in the 
skin of the forehead, corresponding to the contraction of the orbicularis. In 
ptosis, on the contrary, the skin of the forehead is cast into horizontal folds 
by the contraction of the frontal portion of the occipitofrontal, and the eye- 
brow is higher. Photopsla, asthenopia and contractions of the extrinsic muscles 
of the eye frequently accompany a hysterical blepharospasm. Trivial irrita- 
tions often suffice to relieve a severe spasm of the orbicularis in nervous or 
hysterical persons, and on the other hand a blepharospasm may be excited in 
hysterical people by pressure on various parts of the body. 

When we consider that under normal conditions the entrance of strong light 
into the eye causes a reflex closure of the lids it is not surprising that a spasm 
i.f the lid may be excited by irritation of the optic nerve in nervous or hys- 
terical persons. Such people are often dazzled by diffuse daylight. Opacities 
i.f the refractive media, like those produced by an incipient cataract, may cause 
symptoms of dazzling and spasms of the lid. 

We meet with functional spasm of the orbicularis in the traumatic neuroses, 
often after very slight injuries to the head. Neurologists have also observed 
it in spontaneous tetany, in paramyoclonus multiplex, and in myotonia. We 
sometimes see a sort of occupational spasm of the orbicularis in watchmakers 
who constantly wear a. loupe in the left eye, probably because the abnormal 
innervation of the facial nerve finally leads to the spasm. Lastly we have 
blepharospasms senilis. This must be considered a symptom of age, in so 
far as other psychogenous causes can lie excluded. When we fail to find any 
organic disease, as in onr first case, and the eves themselves are perfectly normal, 
we believe this blepharospasm to be functional. As the condition develops in 
old age we call it senile, and it only remains tn he determined whether and in 
how far psychogeimn-i fiielors mav account fur it. 

The treatment of functional blepharospasm may be briefly stated as sug- 
gestion, arsenic and bromides. In suitable cases, alcohol may be injected at 
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the 1 places of exit of the trigeminal or facial nerves, but I have had no experi- 
ence with this method. 

J. Spasm of the Orbicularis Due to Organic Lesions 

Spasm of the orbicularis is due in very many cases to demonstrable organic 
Unions. It is the most common of all forms of spasm. When we come to 
investigate in any given case by what organic lesion it is excited we must 
hear in mind that it may be brought about in two different ways; either by a 
direct irritation of the facial nerve, or indirectly by reflex action from the 
trigeminus, 

SfHtstn of Me Orbicularis from Direct Organic Lesions along the Course of the Facial 

Nerve 

When the cortical centre of the facial nerve is irritated by such a lesion as 
a tumor, an abscess of the cerebral cortex, a focus of softening, a deposit of 
lime on the anterior cerebral convolutions, or a hemorrhagic cyst, the spasm 
of the orbicularis does not, as a rule, occur alone, but is apt to be associated 
with spasms and panoses of one side of the body. Blepharospasm due to a 
cortical lesion is therefore one of the symptoms of Jacksonian epilepsy. Twitch- 
ing* of the muscles of the face may precede the subsequent pareses when the 
lesion is situated Itetween the cortex and the nucleus in the pons. The lesion 
why he in the region of the nucleus of the facial nerve. Thus we see facial 
spasms appear after central hemorrhages in tabes. 

The spasms occasioned by direct irritation of the trunk and branches of 
thv facial nerve arc of greater importance. Tumors of the petrous portion 
of the temporal bone, vascular degenerations and meningitic troubles have to 
Ih k taken into account. Diseases of the middle ear may give rise to clonic 
t ditchings of the orbicularis. Tabes occasionally causes facial spasms. The 
trunk of the facial nerve is irritated in meningitis, by diseases of the middle 
car* and bv tumors ami aneurvsms at the base of the brain. Scars on the 
forvhoad and checks may cause the greatest variety of spasms of the orbicularis 
b\ ttu" prvssxirv and tension they exert on the nerves. For the sake of com- 
pletenevx it may he mentioned that a severe spasm of the muscles of the face 
max be an important symptom in tin* course of tetanus. 
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Anx affection of the sensory trigeminus may cause reflex spasm of the 
orfcvulari* ; u\nirivs» herpc* of the skin i>f the Kd% diseases of the nasal cavity, 
of the tevtK and of the mouth and pharynx may excite it as the result of 
the tmtatvu produoed in the trigeminus. ;sKfc a symptomatic blepharospasm 
a<\v«tt)v*tt:tfv a tar^v wundvr of irritatiw conditions of the eye. We find it 
%bon a f\mvx£tt t\\tx ix prvMTCt in the conjunctival sac* when the cilia scrape 
t>v vo.rfaov of tiv cxv tn oo«>*\^*ence of trichiasis* arsl in many forms of 
%rtta».%tv*!vtt It *x o-f £iv*! {vractva! iu^vr**^"*. It » erased in this patient 
i\x tSc fact tKxt mu*vi\x*x £iwx of the ev&Kt&il rJexus of the trigeminus are 
**\* N**v *;> kcratovx^ttKctsxiti* ec*e«rw*tocs* r*x ahrasxw of the skin of the 
VfcU av\t S ?S* oVtacS*v*t of oxv:K>xv" trvt~ tSf scrface of the cornea. This 
n*\*v^ o-f ?V ^Kvv,Uv x >x ***vta!v\t *it>t ^VfrcrhoKa and tacnrntttion. Often 
t V *tv*Y*vw of »K* kt\w»: jtV.s5 -* £?**?-* : .irc*Mtv *e tbat wnen the eyes 
of :W oSAuym are o|N*H\i an actual ****** *f te*r* grwlxs forth. The 
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increase of this secretion is to be ascribed to a stimulation of the branch of 
the facial nerve that supplies the lacrymal gland. Sometimes this blepharo- 
spasm lasts for a very long time and the physician should be aware that after 
the palpebral fissure has been closed in this way for months the children may 
act as though they were blind, although no pathological lesions can be found 
in Hie optic nerve or retina. We must suppose that such children have lost 
the central attention to optic impressions and that they have to learn again 
to see. People arc met with who once had keratoconjunctivitis eczematosa and 
relate that when children they were blind at one time. 

The presence of such a blepharospasm often makes the examination of the 
affected eye very difficult, and can moreover exert a bad influence on the entire 
course of the disease and delay its recovery. This is accounted for by the 
great pressure that is exerted upon the eyeball. Escape of the conjunctival 
secretion is rendered difficult, so the eye is cleansed very poorly. OZdcma results 
from the engorgement of the circulation in the lids produced by the compression 
of the veins passing between the constantly contracted fibres of the orbicularis. 
Spastic ectropion, or entropion, may likewise develop. It is therefore to be 
understood that we frequently have occasion primarily to obviate the spasm 
of the lid. It disappears when we have removed an irritating foreign body, 
when we have cured an inflammation of the eye, or a trichiasis, but in many 
cases, particularly of keratoconjunctivitis eczematosa, it is very obstinate. 
When it is dependent on the formation of rhagades at the outer canthus we 
must first cure these, in the way already described, with the silver stick and. 
ointment. In other cases the spasm gives way as soon as the child can open 
his eyes. This end can often be attained by instillations of cocain. I will 
employ in this case an old measure which occasionally can be used with great 
benefit- The face is plunged several times in succession into cold water and 
the eyes open as if by magic. In very severe and obstinate cases, especially 
when the palpebral fissure is abnormally shortened by blepharophimusis, me 
must cure the blepharospasm by an operative division of the outer commissure, 
canthoplasty. Such a spasm of the lid that accompanies some other disease 
of the eye is called a symptomatic blepharospasm. 

The blepharospasm of snow blindness belongs to this class. These cases 
are characterized by lacrymation, photophobia, severe pain, hyperemia and 
chemosis of the conjunctiva and a spasm of the lid. The spasm was ascribed 
by Berlin to this conjunctivitis erythematosa. The action of the chemical rays 
of light results in a hiss of epithelium from the cornea, and so causes an irrita- 
tion of the trigeminus. 

Transition cases from symptomatic to essential blepharospasm are met with. 
Children are frequently brought to us in whom a constant blinking, or a stronger 
spasm of the lid, was excited at first by a slight conjunctivitis; the inflammation 
passed away, but the children continued to blink. In these cases we stand on 
the hazy confines of the hysterical predisposition. The children are rather 
amende and nervous, as a rule, and treatment with tonics and suggestion soon 
causes the spasm to disappear. 



161. Disturbances of Vision and the Course of the Optic Fibres 

Neither of the patients we have to study today have anything externally 
the matter with their eyes, and the condition of the fundus of each is normal, 
yet listen to tbeir complaints. 
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It is probable from his history that our first patient contracted syphilis 
nome years ago. He has felt well ever since until within the last few weeks, 
when he began to complain of occasional headaches. Two days ago he noticed 
that he could see nothing to the outer side of each eye. 

The second patient, a young student, names his disease himself, he says 
he has a scintillating scotoma. Scintillations appear before his eyes from time 
to time, which rapidly increase until finally he can scarcely see anything, 
while at the same time he suffers from dizziness and from pain confined to one 
side of the head. The attack passes off after about ten minutes and vision 
returns. Our duty in such a case as this is to investigate what is the matter 
and where to look for the cause of the visual disturbance. If we are to do 
this, if we are to utilize for purposes of diagnosis the visual troubles of which 
these patients complain and that we can find by our objective tests, and if 
we are to locate their causes correctly along the course of the optic fibres, we 
must know not onlv the various forms of visual disturbance to be met with, but 
also the course of the optic fibres throughout. 



L Three Possible Sites of a Lesion That Impairs Vision 

We must determine in all cases: 1. What conjecture can be drawn from 
the history as given by the patient concerning the localization of the trouble? 
& By what methods of examination can we obtain the objective signs that 
indicate its seat? The expert listens to the history and seizes at once upon 
the right instrument, hut we must deal with these questions more fundamentally. 
Tin* anatomical seat of the lesion may be in one of three places: 1, in the 
refractive media, in front of the light perceptive layer of the retina: 2, in the 
percipient layer of the retina and optic nerve; S, farther up along the course 
of the optic fibres* 

i. Sifr of th? Lesion in Front of the Light Perceptive Layer of the Retina 

When patients complain of impaired vision we think primarily of opacities 
in tin* refractive media* such as maculae of the cornea. Opacities of the lens 
and vitreous cause them to see shadows* which move about when the opacities 
are in the vitreous, and occasion visual troubles that vary in degree according 
to their cause ami si*e. Refractive errors also cause much trouble. When the 
patient complains of bad near vision or of getting tired easily the case is one 
of asthenopia caused by hypermetropia, presbyopia, astigmatism, paresis or 
insufficiency of the accommodation. A sudden attack of diplopia is usually 
binocular and due to a paresis of the ocular muscles* but it may be monocular 
ami caused b\ anomalies in the refractive media, such as luxation of the lens, 
or incipient cataract. 

To demonstrate objectively the site of the lesion in these forms of trouble 
we use focal illumination with the loupe anil glance into the eye with the oph- 
thahnosxvpc* b\ ntcans of which w* can see the opacities in the refractive media. 
They appear $»rav by fwal illumination, black with the ophthalmoscope. Errors 
of refraction are estimated by the usual methods When the muscles are at 
fault we use the tests for muscle imbalance anil for paresis When no such 
faults as these are prewnt we have to ascertain whether the cause of the trouble 
» aot % situated in the retina or optic nerw* 
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2. Site of the Lesion in the Retina and Optic Nerve 

When patients complain of seeing flashes or sparks our attention is attracted 
to the chorioid and retina, also to glaucoma when they see rainbow colors. 
Distorted vision is almost always due to inflammation or detachment of the 
retina. So, too, is the appearance of objects as too small or too large, micropsia, 
or macropsia. Darkenings before, the eyes which vary in intensity point to 
pressure symptoms in the brain from a tumor cerebri, and to diseases of the 
retina in nephritis, diabetes and arteriosclerosis. If a cloudy veil seems to be 
hung suddenly before the eye we think at once of detachment of the retina. 

Patients who complain of a marked impairment of vision as soon as it begins 
to grow dusk are usually suffering from some disease of the retina, such as 
retinitis pigmentosa, or high myopia. On the other hand the totally color 
blind have better vision in the twilight, but we must remember that a patient 
who has a little, sharply defined leucoma w T hich ordinarily covers the pupil may 
be able to see better in the dusk when the pupil is somewhat dilated. 

Most cases of blindness are to be ascribed to diseases of the optic nerve 
and retina. Embolism or thrombosis of the retinal vessels is a probable cause 
in a case of sudden blindness of one eye, but the cause may be a fracture of the 
base of the skull in which the nerve has been crushed. An amaurosis of one 
eye may be almost acute in a retrobulbar neuritis, or in multiple sclerosis. If 
blindness of both eyes has come on very gradually it is usually due to tabes, 
or an atrophy of the optic nerve from some other cause. Sudden blindness of 
both eyes from occlusion of the vessels is very rare. 

When the complaints of the patients are such as to indicate troubles like 
these we do not use focal illumination, or simply cast the light into the eye 
with the ophthalmoscope, we use instead two other methods. First of all a 
careful ophthalmoscopic examination of the fundus, which gives us the desired 
information in these cases. We use perimetry in addition, because diseases of 
the retina and optic nerve reveal themselves by scotomata in the field of vision. 
I need only refer to what it reveals in detachment of the retina, glaucoma and 
atrophy of the optic nerve. In our first patient this test shows that the outer, 
temporal half of the field of vision of each eye is wanting. This is a case of 
temporal hemianopsia. The ophthalmoscopic examination reveals a perfectly 
normal fundus. The optic nerve and retina appear to be perfectly healthy, so 
the cause of this visual disturbance must be sought for farther up along the 
course of the visual tract. 

* 3. Site of the Lesion in the Visual Tract 

Lesions that affect the upper portion of the visual tract reveal themselves 
primarily by disturbances in the field of vision. The ophthalmoscope may or 
may not be of use in these cases. If the disease is situated in one optic nerve 
between the retina and the chiasm the trouble is confined to one eye. If it is 
situated just behind the eyeball so that the central vessels of the optic nerve 
are implicated, as in shot and stab wounds of the orbit, the fact is readily 
disclosed ophthalmoscopically, but if it happens to be situated farther upward 
we have to depend chiefly on our examination of the field of vision. We must 
first glance over the course of the optic fibres in order that we may understand 
such a condition of the field as this and locate the lesion correctly. 
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IL Course of the Optic Fibres 

The optic nerve passes from the orbit into the cavity of the skull through 
the foramen opticum, a small bony canal. Beneath the nerve in the foramen lies 
the ophthalmic artery. The nerve is surrounded on all sides at this place by 
bony walls and is therefore easily injured by compression, either by a thickening 
of the bone, or by crushings and lacerations in fractures. In such a case the 
ophthalmoscope reveals after a while a descending atrophy on the injured side. 
The optic nerve is enveloped only by the pial sheath in the optic foramen. 
From this point the nerve passes within the skull to the chiasm, a distance of 
scarcelv one centimetre. 

The Chiasm and the Partial Decussation of the Optic Nerves 

The two optic nerves unite in the chiasm, a quadrilateral flat formation with 
four indentations, an anterior, a posterior, a right and a left, which lies above 
the sella turcica of the sphenoid bone just in front of the infundibulum. A 
partial decussation of the fibres of the optic nerve takes place in the chiasm. 
The nature of this is easily understood from the schematic drawing of the optic 
tracts (Plate XI), and the importance of this anatomical fact will soon appear. 
If we imagine a vertical plane to be erected on the visual line of the right eye 
which passes through the fovea and divides the retina into a right, temporal, 
and a loft, nasal, half we find that the fibres coming from the right half of 
the retina remain on the right side and form part of the right optic tract. 
These are the bundles of nerve fibres that do not decussate. On the other hand 
the fibres that come from the left half of the retina of the right eye pass over 
to the left side in the chiasm and form part of the left optic tract. These are 
the decussating bundles. The condition is exactly analogous as regards the 
two halves of the retina of the left eve. Fibres from both eves are found in 
each optic tract. The right optic tract contains the fibres from the right half 
of the retina of the right eye, which do not decussate, and the decussating fibres 
from the right half of the retina of the left eye. Thus the right optic tract 
cares for the right side of both retina* and therefore, according to the law of 
projection, of the two left halves of the visual fields. The inverse is true of 
the left optic tract. An object that lies to the left of the median line transmits 
the stimulation it excites through the right optic tract, and all that we see 
on the right side is brought to our consciousness through the stimulation of 
the left occipital cortex. 

This important fact of semidecussation was discovered by Xewton, but 
was first accurately described by (/«</</«-* and is generally accepted today. 
When opportunity offers to examine the chiasm of a man who has lost an eye 
in early cIuMIkhhI it is found that the atrophy of the nerve extends to both 
optic tracts. The bundles that decussate in man amount to about two fifths 
of the entire number of optic fibres* those that do not decussate to about three 
fifths. The condition* in animals are often quite different: the decussation is 
Mai in the loner vertebrates ami first becomes partial in the higher mammals. 
Still other bundles of fibres are found in the chiasm which have nothing to do 
with those of tjie optic nerve* but rather form connections between the two 
hemispheres icWthV* cwnmi&turc* \tr*ntrfs commissure)- The optic nerves 
pass out cf the interior *ide of the chiasm as the optic tracts, which run back- 
ward in a diverge** direct**, wind About the cnir* cerebri and reach the cor- 
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pora geniculata externa at the base of the brain, where each divides into two 
roots. 

Clinical observation, experimental research and pathology have shown us 
that the fibres of the optic nerve which come from the layer of ganglion cells 
of the retina enter the corpus geniculatum externum, the pulvinar thalami 
optici and the anterior corpora quadrigemina, and also find their provisional 
ends in these three large masses of ganglia. We call these three centres — the 
corpus geniculatum, the pulvinar and the corpus bigeminum anterius — the 
primary optic ganglia. The fibres coming from the ganglion layer of the retina 
end with fine arborescent filaments in these ganglia, but the optic tract by no 
means stops here. These terminal filaments of the fibres of the optic nerve come 
in contact again with ganglion cells which send out new axis cylinders toward 
the centre. The second neuron begins and passes to the posterior third of the 
internal capsule, where the fibres radiate in a fanlike manner and, in the form 
of GratioleVs optic radiation, reach the cuneus. 

The centre of vision, the so called secondary optic ganglion, or the psycho- 
optic cortical field, lies in the cuneus, on each side of the brain in the cortex 
of the occipital lobe. Munk has shown that the ganglion cells in the cuneus 
are arranged just as regularly as the terminal filaments of the fibres in the 
rods and cones of the retina. Neighboring cortical elements of the one cor- 
respond to neighboring elements of the other. This is the place where the 
stimuli received by the retina are transformed into sensual perceptions. Still 
this is not all, for the simple change of the stimulus into sensorial perception 
does not suffice for complete mental understanding. 

Numerous fibres extend in various directions from the ganglion cells of the 
cuneus and join the visual to the other mental centres. These are tl?e asso- 
ciation fibres. They unite the centres of sensation with those of thought. 
Through these connections of the visual centre with the centres of thought 
changes are produced in the ganglion cells of the cerebral cortex upon which 
memory depends. We can mentally reproduce an object which we have once 
learned to know accurately. These are the optic images of memory. According 
to Nothnagel the optic centre of perception lies chiefly in the cortex of the 
cuneus and of the first occipital convolution. Whether the centres for the senses 
of space, light and color are separated in the occipital lobe is still undecided. 
A large part of the cortex of this lobe must at any rate be the depot for the 
optic pictures of memory. Should these areas be destroyed by softening, 
apoplexy or tumors, a condition would develop which is known as psychic 
blindness, a rare condition in which the patients can see quite well under certain 
circumstances, but can recognize nothing. In order to have this condition 
produced it is necessary that the occipital lobes of both hemispheres be diseased. 

IIL The Various Forms of Hemianopsia 

We understand by hemianopsia the absence of half of the field of vision 
of each eye. It may be differentiated according to its nature into organic 
and reflex, or according to its external symptoms into heteronymous and 
homonymous. 

a. Heteronymous Hemianopsia 

In this patient the temporal halves of the fields of vision are absent; he 
has therefore a heteronymous, bitemporal hemianopsia. This is the most com- 
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mon form of heteronymous hemianopsia, and it is evident that the seat of the 
lesion must he in the chiasm. 

If we imagine a sagittal section to be made through the chiasm from before 
backward all the decussating fibres must he cut across while the others remain 
intact, and the nasal fibres supply the nasal half of the retina of each eye. 
If these fibres are destroyed or made incapable of conduction the temporal half 
of the visual field of each eye must be lost, according to the well known law of 
projection. This explains bitemporal hemianopsia. When the trouble develops 
gradually we find at first on testing the visual field a relative scotoma for color 
on the temporal side of the vertical dividing line. The perception of color is 
lost first, and finally that of white. If we lay the two visual fields of our patient 
upon each other it will be seen that the two preserved nasal halves form 
together an approximately round field of vision which differs from the nor- 
mal binocular field only in a contraction on the temporal sides to about 60*. 
Bitemporal hemianopsia usually develops outward from the middle line, and the 
periphery is at first intact. 

The next question is: What morbid processes may destroy the chiasm in the 
median line, or at the anterior or posterior notch ? Bitemporal hemianopsia 
is met with almost wholly in young or middle aged persons. The causes are: 

1. Tumors at the base of the brain, especially of the sphenoid hone. Sar- 
comata arc also found on the sella turcica in the anterior notch of the chiasm. 

2. Tumors of the hypophysis, to which we may be directed when acro- 
megaly is present at the same time. 

3. It has been shown by Qppenhcim that syphilis of the base of the brain, 
in the form of a gumma, or of an endoarteritis syphilitica, is one of the most 
important and common causes. Such a specific process must be suspected when 
the clinical symptoms fluctuate back and forth and recur periodically. The 
ophthalmoscopic condition may be negative, or the fundamental disease may 
have caused a papillitis, or an incomplete atrophy of the papilla. 

The binasal form of heteronymous hemianopsia is very rare in comparison 
with the bitemporal. The chiasm must be attacked on each of its outer sides 
by two symmetrically placed lesions. It is met with occasionally when a tumor 
grows about the chiasm and so injures the fibres on each side that do not 
decussate. As these fibres supply the outer half of hoth retina', such a lesion 
must produce a hinasal hemianopsia, but practically such a condition is very 
rarely observed. It must be borne in mind that quite symmetrical contractions 
of the fields of vision take place in tabes, hut in spite of the resemblance these 
should never be mistaken for a hemianopsia. 

b. Homonymous Hemianopsia 

In homonymous hemianopsia, either the right or the left half of the field 
of vision of each eye is lost. Such a condition must be caused by a lesion of 
the optic tract between the chiasm and the occipital cortex. If, for example, 
the entire left optic tract is destroyed the fihres are annihilated which supply 
the temporal half of the retina of the left eye and the nasal half of the retina 
of the right. Nothing to the right of the median line of the two eyes can be 
seen, and we have a homonymous hemianopsia of the right side. This is called 
a tractus hemianopsia. We find in such cases that a vertical line passing 
through the fixation point of each eye divides the visual field into a seeing and 
a blind half. The hemianopsia is then comnlete. Two things are worthy of 
our notice. First, the lesions arc not usually situated within the tract, but 
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begin by affecting the periphery from outside. The nerve fibres which supply 
the peripheral portions of the retina also lie in the periphery of the optic tract. 
This explains why symmetrical defects in the visual field usually start in the 
periphery. The other point is that the various morbid processes, such as 
hemorrhages, softenings and tumors, do not always destroy the entire tract, 
so that under certain circumstances only symmetrical quadrants are lost from 
the fields (incomplete hemianopsia). It must be noticed that the apices of 
such sectors always lie in the point of fixation, for this is the characteristic 
feature of the form of hemianopsia due to a lesion of the tract, that the lines 
of division pass through the point of fixation when the hemianopsia is complete 
and that the apices of the sectors lie in this point when it is incomplete. 

The cause of a homonymous hemianopsia may be situated still farther up, 
in the visual centre of one occipital cortex. A very striking characteristic 
produced by a lesion in this situation is that even if the whole centre is destroyed 
the entire half of the common visual field is not lost. On the contrary we find 
in the point of fixation a minute portion remaining of the field that is elsewhere 
destroyed. We call this symptom the "preservation of the macula." This 
preservation of the macula is particularly distinct when a patient with a cor- 
tical homonymous hemianopsia of one side develops a second on the other. I 
saw such a case of bilateral hemianopsia in Wuerzburg. The man was ab- 
solutely helpless, could not go about alone and seemed at first glance to be 
totally blind, and yet he had a minute central trace of a visual field in which 
he had, when his visual lines were properly directed, a vision of 6/32, This 
phenomenon is explained by the so called double supply of the macula of each 
eye in the cerebral cortex, which is more than probable. We may, for example, 
suppose that the nasal half of the macula of the right eye possesses a centre 
nof only in the left occipital cortex, but has fibres also in the right cortex. This 
preservation of the macula is characteristic of a complete cortical and sub- 
cortical homonymous hemianopsia. In cases of partial hemianopsia in which 
only small portions of the visual centre are injured, islandlike homonymous 
defects appear in the fields of vision where they are situated symmetrically, 
or we find sectors the apices of which do not quite involve the point of fixation. 
The conditions are not always as simple in practice as in theory. 

The hemianopic immobility of the pupils found by Wernicke has been used 
to differentiate the cortical from the tractus hemianopsia. After the right 
optic tract has been destroyed the direct and consensual reactions of the pupil 
to light are abolished when light is thrown on the right half of the retina, and 
are present when it is thrown on the left half, but as we know from the researches 
of Hess that the reaction to light is excited only from a small area about the 
macula, the question in regard to the practical application at least of the 
hemianopic reaction must be left open. 

Hallucinatory sensations of sight occur not infrequently on the blind side 
in cerebral hemianopsia. These indicate that the hemianopsia is subcortical 
and that the appertaining cortex is still intact, as it can still give rise to 
hallucinations. A few other practical points are these: If a hemianopsia for 
color appears in the right side of the field in a case of complete left hemianopsia, 
the situation of the lesion is indicated to be close behind the chiasm, so that it 
can involve fibres of the opposite tract. If, in a homonymous hemianopsia, 
the field of vision of one eye only is gradually lost the lesion is directly in front 
of the chiasm. If we find disturbances of orientation and aphasia with the 
hemianopsia the lesion is intracerebral. If it is associated with hemianesthesia 
or hemiplegia we locate the disease in the posterior cms of the internal capsule. 
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Homonymous hemianopsia may have many causes. It sometimes comes on 
with symptoms of an apoplexy, dizziness, stupor, and headache. Speech may 
be interfered with when the lesion is at the place indicated by Naunyn, where 
the angular gyrus passes over into the occipital lobe. Such a case belongs to 
the optic fprm of aphasia — aphasia with word-blindness. The patient can no 
longer read even what he himself has written, or he will designate objects by 
wrong names (paralexia). Motor aphasia may be caused by embolism of the 
arteria fossae Sylvii. When the hemianopsia is due to hemorrhage improvement 
may follow the resorption of the blood under certain circumstances, but it does 
not happen very often. It can be readily understood that reading and writing 
is considerably more interfered with in a hemianopsia of the right side than in 
one of the left. In a tractus hemianopsia we think primarily of a tumor of the 
base of the skull, or of the temporal lobe, in which case pareses of other cranial 
nerves will be present. 

Scintillating Scotoma, a Reflex Hemianopsia 

Scintillating scotoma is an angioneurosis, is unmistakably connected with 
migraine, and for that reason # has often been called ophthalmic migraine. The 
visual disturbance is a sort of hemianopsia. This patient states that at the 
beginning of the attack a blind spot appears close to the point upon which 
he is fixing, and that from this place the loss of the field of vision extends 
toward the periphery, while jagged lines flicker here and there in the area first 
affected. It is always only one certain half of the field of both eyes that is 
involved, so this is a sort of hemianopsia, though from a cause entirely different 
from that which operated in our first case. As soon as the limit of the visual 
field in the outer half of both eyes has been reached the scintillations cease 
and vision slowly returns from the centre. In other cases the hemianopsia, in 
scintillating scotoma, may be homonymous with a vertical line of demarcation. 
The upper or lower half of the field is also occasionally affected. Again in 
other patients the hemianopsia is less marked and there is only a uniform, 
scintillating cloud before the eyes. 

The fact that both eyes are uniformly affected proves that the origin of 
scintillating scotoma must be central. This follows also from the sort of visual 
disturbance and from the factors that accompany it. The attack lasts on an 
average from a quarter to half an hour, and is then followed by hemicrania, 
nausea, and it may be vomiting — symptoms of migraine. It is generally sup- 
posed to be due to a trouble of the innervation of the vessels which causes a 
transient circulatory disturbance, probably in the optic cortical field of the 
occipital lobe. The irritation of the optic elements produces the scintillations 
at the same time that the perception of the peripheral stimuli is abolished. In 
grave cases of this angioneurotic trouble, which is chiefly an anaemia, the dis- 
turbance spreads to other central areas and we meet with paresthesias and 
impairments of the speech, memory and hearing. According to Jolly, who 
himself suffered from scintillating scotoma, the most common form is brought 
about centrally from the chiasm, perhaps in the optic tract, the external 
geniculate body, or the optic radiations. A scintillating scotoma of only one 
eye is also met with. This must be ascribed to the retina and optic nerve. We 
can explain the symptoms best as due to transient disturbances in the circula- 
tion. Anyone who has ever fainted knows that such circulatory disturbances 
in the brain excite quite analogous symptoms — green and blue colors and 
scintillations before the eyes. 
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As long as the attacks occur at long intervals they have no serious im- 
portance. They are accustomed to become less frequent as age advances. 
Treatment must be directed toward the general condition of the body, toward 
a tendency to neurasthenia. Too much mental work and overstraining of the 
eyes must be avoided. It may be possible to arrest the attack in its beginning 
by a drink of coffee, tea or wine. Certain drugs are sometimes of benefit, 
such as quinine, aspirin and antifebrin. 

To sum up what has been said concerning the localization of the lesion 
along the intracerebral course of the optic nerve fibres: The lesion must be 
situated in front of the chiasm, in the optic nerve itself, in all cases in which 
the loss of the visual field affects only one eye, or when the defects in the fields 
of the two eyes are not of a homonymous nature. The lesion is in the chiasm 
in temporal hemianopsia, in which the decussating fibres alone are affected. It 
is above the chiasm when the hemianopsia is homonymous, affecting the two 
right, or the two left halves of the fields of vision. 



162. In How Far Can the Ocular Symptoms Contribute to the Lo- 
calization of a Tumor in the Brain ? 

This patient complains of a dull, boring headache, of a feeling of dizziness 
and of vomiting. He has a distinctly slow pulse, signs of stupor and of other 
psychical troubles, and we find with the ophthalmoscope a marked choked disc 
in each eye. The diagnosis of tumor cerebri is based on these symptoms. 
Choked disc is caused in 90% of all cases of tumor of the brain and forms the 
most common general symptom of this condition. But the general diagnosis of 
a tumor does not suffice in such a case, we need to determine what sort of a 
neoplasm it may be, and whether, after exclusion of a syphilitic growth, for 
which specific treatment is necessary, the patient may perhaps be saved by 
means of an operation. 

It is only in rare cases that a tumor of the brain can be accurately located 
by means of the ocular symptoms alone, because the conditions are too com- 
plicated and the accurate localization of such a tumor is very difficult, as is 
proved by the numerous mishaps met w r ith in brain surgery. Because of this 
difficulty I try to make the study of how far the ocular symptoms are at least 
of use in making this diagnosis by the answers to the following questions: 1. 
Does choked disc furnish any points of value in the diagnosis of the site of a 
tumor? 2. May a tumor be situated in such a part of the brain that ocular 
symptoms are not produced? 3. May it be in a portion of the brain where 
the ocular symptoms produced are at least worthy of attention? 4. May it 
occupy a region in which the ocular symptoms have a determining value? 

L Does Choked Disc Furnish Any Diagnostic Points in Regard to the 

Site of the Tumor ? 

This question is naturally the first to be taken into account because choked 
disc is not only the most important general symptom, but also the commonest 
ocular symptom of a tumor of the brain. Visual troubles appear early in the 
choked disc of tumors only under two conditions, in the absence of which the 
vision may remain intact for a long time in spite of the greatly swollen 
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state of the head of the optic nerve. These conditions are: 1, When the 
tumor is situated in the cerebellum, or in the angle between the cerebellum and 
the pons; &, when it is at the base of the brain and involves the optic tract 
directly. The reasons for this are that the symptoms of intracranial pressure 
reach a very high degree quite early in the course of tumors of the cerebellum 
and of its vicinity, and it is self evident that the signs of engorgement in the 
papilla may be very marked in direct lesions of the optic tracts. Hence if we 
find among the general symptoms that indicate a tumor of the brain a very 
early high degree of choked disc, possibly with hemorrhages, white patches 
of degeneration in the retina and serious visual trouble, the situation of the 
tumor is suggested as being either in the cerebellum, in the angle between the 
cerebellum and the pons, or at the base of the brain in the region of the chiasm 
and of the cavernous sinus. 

Although it is the most important and most common ocular symptom of 
a tumor of the brain, choked disc does not otherwise appear early. In tumors 
of the cerebrum, especially of the frontal portion, of the corpus callosum, of 
the central convolutions, of the temporal convolutions, and, according to 
Oppenheim, of the occipital portion, no early symptom is usually present. We 
can therefore draw no conclusion as to the size of the tumor from the degree 
of engorgement in the disc; very large tumors may exist without producing 
any sign of a choked disc, while a very small growth may cause a great engorge- 
ment. Hence the presence of a choked disc is in general only confirmatory of 
the general diagnosis of a tumor of the brain. 

We are not much better off when in the course of a tumor of the brain we 
try to utilize for diagnostic purposes either a transitory or a more or less 
complete attack of blindness. Such a visual disturbance may be caused by a 
great engorgement in both optic nerves, as for example, when the floor of the 
third ventricle is arched forward so as to press directly on the chiasm. But 
a lesion in the occipital lobe may also cause a temporary disturbance of vision. 
I have seen blindness appear periodically in a case of sarcoma of the occipital 
lobe. Homonymous hemianopic contractions of the field of vision, sometimes 
in the form of scintillating scotoma, may indicate that the tumor is situated 
in this region. 

In addition to the choked disc we find in many cases other important ocular 
symptoms, such as disturbances in the movements of the eyes, pareses and 
anomalies in the visual field. 



H. Portions of the Brain in Which a Tumor Causes No Ocular Symptoms 

Tumors that excite no ocular symptoms of diagnostic importance, aside 
from a choked disc, are found, 1, in the central convolutions; £, in the frontal 
portion of the brain; 3, in the region of speech; 4, in the corpus callosum; 
5, in the ventricle. 

Tumors of the Central Convolutions 

The symptoms produced by tumors of the central convolutions are essen- 
tially those of Jacksonian epilepsy. The spasms are confined at first to the 
centres affected, then spread to other centres, according to the localization of 
the tumor in the cerebral cortex, and are followed by monoplegias in the mus- 
cular regions affected, and then by hemiplegia. 



TUMORS THAT CAUSE NO OCULAR SYMPTOMS 671 

Tumors of the Right Temporal Lobe 

Ocular symptoms may be said to be absent in* these cases, for it seems to 
be doubtful whether the connection, to which attention was called by Knapp r 
of partial paresis of the oculomotor nerve on the same side as the lesion,, 
hemiplegia of the opposite side and cerebellar ataxia is diagnostic. 

Tumor* of the Left Temporal Lobe and of the Region of Speech 

The same is true of tumors of the left temporal lobe and of the region of 
speech, which includes the left third frontal convolution, the island of Reil, 
the posterior end of the first temporal convolution, parts of the angular gyrus 
and many subcortical association tracts. The disturbance of speech, especially 
sensory aphasia, is the most important focal symptom. 

Tumors of the Corpus Cattosum 

These tumors present so few characteristic symptoms that they are rarely 
diagnosed. Bilateral pareses of the limbs, without involvement of the cerebral 
nerves and very serious impairment of the intelligence, are the most charac- 
teristic. They cause no ocular trouble.. 

Tumors of the Cerebral Ventricle 

The tumor most frequently met with in the ventricle is the one produced 
by the cysticercus. The symptoms are so uncertain that a diagnosis can very 
rarely be made. When the lesion encroaches on the cerebellum or the pons 
the symptoms thus produced predominate. 

IIL Portions of the Brain in Which a Tumor Causes Ocular Symptoms 

That at Least Deserve Notice 

Ocular symptoms, although not of conspicuous importance, are produced 
by tumors in the centrum semiovale and the cerebral ganglia in the frontal 
portion of the brain, in the parietal lobes and in the angle between the cerebellum 
and the pons. When a tumor in one hemisphere has involved the corpus 
caudatum, the corpus lenticulare and the thalamus opticus, a hemianopsia, a 
mydriasis, or some other partial oculomotor paresis of the opposite side may 
be present in addition to the hemiplegia of the opposite side, the unilateral 
tremor and the unilateral facial paresis. In such a case the hemianopsia is 
to be explained by a lesion of the corpus geniculatum externum, or of the optic 
radiations. The pareses of the ocular muscles in tumors of the thalamus are 
to be ascribed to lesions of the nuclei of the oculomotor nerve, or of its trunk 
at the base of the brain. 

Tumors in the Parietal Lobe 

Isolated pareses of the oculomotor nerve, either on the same or on the 
opposite side, occur in connection with tumors of the parietal lobes, but they 
are usually to be considered as distant effects produced by compression either 
of the nerves at the base of the brain, or of the corpora quadrigemina. 
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Tumors in the Frontal Portion of the Brain 

It is only when a tumor # of the frontal portion of the brain grows toward, 
or develops from the base that it can exert pressure upon the optic nerves, the 
chiasm and the optic tract, and so produce a choked disc in one eye alone, 
crossed or bitemporal hemianopsia, or neuralgia of the first branch of the 
trigeminus. Choked disc is usually a late symptom of tumors in this portion 
of the brain. 

Tumor 8 of the Auditory Nerve in the Angle between the Cerebellum and 

the Pons 

Comparatively little can be contributed to the accurate localization of these 
tumors by the ocular conditions. Double choked disc is present, with or without 
signs of neuritic atrophy, in the overwhelming majority of cases, in as much 
as 90 /c, but it is just as frequent with tumors of the posterior fossa of the 
skull, so that only its relatively early appearance can be of any diagnostic 
value. Pareses of the ocular muscles are of much more rare occurrence, because 
these tumors are encapsuled and do not encroach upon the centrally placed optic 
tract. Of these muscles the abducens is rather the more apt to be affected 
in either one or both eyes. Paresis of the associated movements of the eye 
laterally seldom occurs. The facial is the nerve most often involved, as would 
naturally be expected from its close proximity to the auditory, but, in contrast 
with the condition found in diseases of the pons this facial paresis almost never 
occurs in connection with paresis of the body on the opposite side. The in- 
volvement of the trigeminus is insignificant, and Ziehen has shown that tri- 
geminal pain is absent with tumors of the auditory nerve, a condition which 
contrasts sharply with that produced by tumors which spring from the place 
of exit of the trigeminus itself. In tumors of the auditory nerve it is the 
impairment of hearing that appears early, while the pareses of the ocular 
muscles take a subordinate position. A central deafness, a simultaneous paresis 
of the auditory and facial nerves, perhaps with involvement of the trigeminus, 
but above all with involvement of the cerebellum, as shown by disturbances of 
equilibrium and ataxias, call attention to this form of tumor in the posterior 
fossa of the skull. 



IV. Portions of the Brain in Which a Tumor Causes Ocular Symptoms 

That Have a Diagnostic Value 

Tumors of the Crus Cerebri 

The most frequent lesion met with in this locality is the solitary tubercle 
of childhood, less often softenings and hemorrhages are to be observed. The 
most important symptom of disease of the crus cerebri is oculomotor paresis 
en one side and paresis of the opposite side of the body. This is Weber's 
symptom complex. The oculomotor paresis may appear first, and then the 
hemiplegia, or the order may be reversed, but, as a rule, the two occur simul- 
taneously. If the lesion is in the lemniscus the oculomotor paresis may be 
associated with ataxia, without paresis of the limbs on the opposite side of the 
body, as found by Brums. All the branches of the oculomotor nerve are usually 
affected, but occasionally it happens that the branches to the internal muscles 
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of the eye are spared. As the portions of the nucleus for the sphincter and 
the muscle of accommodation are situated the farthest forward, the fibres that 
supply these muscles must take a special course. If several foci are present 
in the peduncles, or if the lesion involves both crura, the oculomotor paresis may 
be bilateral, but such cases are rare. . Another point of importance is that 
ptosis may be the first sign of the affection of the oculomotor nerve in a com- 
mencing disease of the crus. This syndrome of Weber's prevails so in lesions 
of the crus cerebri that a hemiplegia without oculomotor paresis, or inversely 
oculomotor paresis without hemiplegia, scarcely needs to be taken into account, 
although such cases have occasionally been observed. Nystagmus is almost 
never present, and the ophthalmoscope reveals nothing decisive. Neuritis has 
been observed in only about 10% of the cases, and at all events disturbances 
on the part of the optic nerve are more rare with diseases of the crus cerebri 
than with affections of the pons. Marburg sums up the subject in the fol- 
lowing words: "Weber's syndrome, in its complete development (contralateral 
hemiplegia with involvement of the cerebral nerves and with total oculomotor 
paresis on the same side as the lesion), indicates a disease of the median portion 
of the peduncle. When the oculomotor paresis is incomplete (the pupil remain- 
ing unaffected) the lesion is confined to the spinal portion. If disturbances 
of sensibility are added the lesion extends into the tegmentum, while with the 
vasomotor trophic disturbances, to which a single interpretation cannot be 
given, the middle segments of the peduncle motor area, or the closely adjacent 
substantia nigra must be affected." Tumors of the crus cerebri often extend 
to the other side, and we have then a bilateral oculomotor paresis with hemi- 
plegia, and later, signs of paraplegia as the other crus becomes involved. 

Tumors of the Pons ' 

A tumor of the pons is diagnosed from the presence of an alternating 
hemiplegia, by which is meant paresis of one or more cerebral nerves that leave 
the pons on the side of the tumor together with paresis of the limbs and of 
the nerves that leave below the pons, particularly the hypoglossus, on the oppo- 
site side. The form of paresis is rendered possible by the fact that in the 
region of the nuclei of the nerves in the pons the pyramidal tract from which 
the paresis of the limbs proceeds is still on the same side. 

The most common form of alternating hemiplegia is Gubler's, in which the 
facial nerve is paretic on the side of the tumor, while the limbs and the 
hypoglossus on the opposite side are affected. Another form is one in which 
the abducens on the side of the tumor and the limbs of the opposite side are 
paretic. The tumor must be situated in such a case at the place in the pyra- 
midal tract through which the roots of the abducens pass. A third form is a 
lesion of the trigeminus on the side of the tumor and hemiplegia of the opposite 
side. We can also diagnose a tumor of one side of the pons from an inability 
of the two eyes to turn past the middle line toward the side on which the tumor 
is located. In such a case the tumor is in the region of the nucleus of the 
abducens. Sometimes only the associated lateral movement of the eyes is 
paretic, but the power of convergence of the affected internus may also be 
compromised. This paresis of the associated lateral movement of the eyes may 
be present alone, or it may be combined with paresis of the limbs on the oppo- 
site side. Still other combinations of these ocular symptoms may be met with 
in tumors of one side of the pons. Thus a paresis of the facial nerve and of 
the abducens, or a facial paresis with paresis of the associated lateral movement 
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of the eyes, may be combined with paresis of the limbs en the opposite side. 
When the tumor extends beyond the middle line of the pons the symptoms be- 
come more complicated. Then we may have paresis of the lateral associated 
movement of the eves in one direction added to that in the other, so that the 
eyes remain immobile in the middle line, or we may have hemiplegia of one side 
added to hemiplegia of the other. The symptoms are particularly complex 
when we have to deal with diffusely growing gliomata. 

Tumors of the Corpora Quadrigemina and of the Glandula Pinealu 

The ocular symptoms excited by tumors of the corpora quadrigemina and 
of the pineal gland are of conspicuous importance. Xothnagel taught us long 
ago that pareses of the ocular muscles, an impairment cf equilibrium in walking 
or standing, and a deafness on one side are the most important symptoms diag- 
nostic of the localization of tumors in the corpora quadrigemina. A tumor in 
the region of the corpora quadrigemina and pineal gland causes a hydrocephalus 
interims and thereby a choked disc, by the compression of the aqucductus 
Sylvii and of the vena Galeni. A disturbance of the ocular muscles, especially 
of those supplied by the oculomotor nerve, is met with, but the most charac- 
teristic symptom is a paresis of the associated movements of the eyes upward 
and downward, which has been observed in almost 20^e of the cases. Paresis 
of the associated lateral movements of the eyes almost never occurs, contrasting 
sharply with the fact that it forms such a prominent symptom in diseases of 
the pons. The conclusion has been drawn from this that in man the corpora 
quadrigemina have no control over the lateral movements of the eyes, but have 
over the vertical. Ptosis with bilateral paresis of the oculomotor nerve is 
another very important symptom of disease in the corpora quadrigemina, while 
the trochlearis and abducens are rarely affected. Disturbances of the pupils 
and of their reactions are very frequent, and are due to the lesions of the 
oculomotor nerve and the visual troubles. It may be said that according to 
Bach a destruction of the superficial portions of the corpora quadrigemina does 
not cause a reflex immobility of the pupil to light. Nystagmus and disturb- 
ances of hearing are notably frequent. The deafness is due to the fact that 
the posterior corpora quadrigemina are connected with the auditory nerve of 
the opposite side through the lateral lemniscus, the upper olive and the opposite 
corpus trapezoides. It very rarely happens that the trigeminus is affected. 
A tumor of the corpora quadrigemina is to be suspected whenever an ophthalmo- 
plegia is the most prominent feature of the clinical picture, especially when 
the muscle* of both eyes are involved, associated with a disturbance of equili- 
brium in standing or walking, and a deafness of one ear. 

Tumors of the Cerebellum 

Tumors of the cerebellum betray themselves very often by quite positive 
focal symptoms, the most important of which is the cerebellar ataxia, which 
appears early and is well marked. The symptom next in importance is the 
dullness, which is a true rotatory vertigo. The patients feel as if the objects 
in their vicinity were rotating about them, or as though they themselves were 
rotating in space. The next focal symptom is the atactic movements of the 
limbs. Then come the ocular symptoms, such as nystagmic twitchings, diver- 
gence of the optic axes, and pareses of the associated movements of the eyes. 
The nystagmic twitching* may take place only toward the side of the disease, 
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or may be irregular. Pareses of the associated movements of the eyes toward 
the side on which the lesion is situated have been observed. In many cases the 
pareses of the ocular muscles are due to the pressure of the cerebellar tumor 
upon the nuclear region of the ocular muscles in the corpora quadrigemina, 
when they have the character of nuclear pareses, a number of the muscles of 
each eye being affected, although not symmetrically. Paresis of the abducens 
is frequently absent and the pupil and accommodation may be spared. Bruns 
has met with these nuclear ophthalmoplegias so often in tumors of the cere- 
bellum that he considers it an almost constant symptom. 

Tumors of the cerebellum can naturally produce symptoms referable to the 
neighboring parts, as, for example, to the pons. Then pareses of the associated 
movements of the eyes appear; the eyes cannot be turned to the left if the 
lesion is on the left side, the patient cannot look to the right if that is the 
side on which the tumor is located, while the power of convergence may be 
retained. Symptoms may be excited on the part* of the nerves at the base of 
the brain when the tumor grows in this direction. These lesions may be dis- 
tinguished from those produced in the nuclei by the fact that the symptoms are 
usually confined to one side, and their diagnostic value is due to the fact that 
they are ordinarily present on the same side with the tumor. The abducens is 
the nerve most apt to be affected at the base of the brain by a lateral tumor 
of the cerebellum, while the pareses of the oculomotor are usually due to lesions 
of the nuclear regions in the corpora quadrigemina. 

Oppenheim first called attention to an isolated reflex anaesthesia of the cornea 
which may be present for a long time as the first sign of a commencing anaes- 
thesia of the trigeminus in connection with tumors of the cerebellum. When 
it is taken into consideration that the symptom most frequently produced by 
these tumors is a choked disc, caused by the rapid development of a hydro- 
cephalus internus due to an occlusion of the aquaeductus Sylv%i> it is evident 
that we must question in every case whether the tumor is not situated in the 
cerebellum. 

Tumors of the Basis Cranii 

The ocular symptoms produced by tumors at the base of the skull are of 
still greater importance. These tumors may be divided into those of the an- 
terior, middle and posterior fossae. Tumors of the anterior fossa are very rare, 
but they have one point of interest in that such a tumor may break through 
the upper wall and penetrate into the posterior part of the orbit, where it will 
produce the same symptoms as a primary tumor of the orbit; blindness of one 
eye, exophthalmos, pareses of the ocular muscles, and supraorbital neuralgia. 

Tumors of the posterior fossa cause complicated ocular symptoms inasmuch 
as they may originate from the cerebellum, the caudex cerebri or the nerves 
at the base of the brain. This is the reason why the point of origin frequently 
cannot be determined clinically. It is only when the tumor is situated in the 
angle between the cerebellum and the pons that the symptoms produced are 
to some degree characteristic, sufficiently so that tumors have repeatedly been 
removed successfully from this region. 

Tumors of the middle fossa produce ocular symptoms that are very much 
more characteristic because such important structures as the optic nerves, the 
chiasm, the optic tracts, the nerves to the ocular muscles, and the trigeminus, 
lie in this region. Tumors of the sella turcica which come from the periosteum, 
the chiasm and the sphenoidal sinus, cause symptoms which are so characteristic 
that they give the diagnosis at once. When they are situated in the median 
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line they cause bitemporal hemianopsia in consequence of the lesion they pro- 
duce in the decussating fibres of the optic nerve. Gummata may cause this 
hemianopsia to appear suddenly and then disappear. If the tumor is situated 
farther forward on one optic nerve one eye is rendered blind; if it encroaches 
liackward on the chiasm it causes blindness of one eye and temporal hemianopsia 
of the other. If the tumor involves an optic tract behind the chiasm homonymous 
hemianopsia on the opposite side is produced. As the tumors of the sella 
turcica become larger so as to encroach upon tin- l.itirnl pm'tiuns of the middle 
fossa parcscs of the muscles of the eye and disturbances on the part of the 
trigeminus, such as neuroparalytic keratitis, are added. The first sign of 
the involvement of the oculomotor nerve often is a ptosis. 

Even when the symptoms on the part of the muscles of the eye and of 
the trigeminus are at first only on one side it almost always happens that the 
affections become bilateral. Choked disc may he absent throughout the entire 
course of these tumors, but the hemianopsia, without any lesion to be seen 
with the ophthalmoscope, followed later by an atrophy of the optic nerve, 
furnishes sufficient ocular data for the diagnosis of this kind of a tumor. 

Tumors of the hypophysis produce at first the same symptoms u other 
tumors in the sella turcica. When they are situated exactly in the middle they 
give rise to a bitemporal hemianopsia, hut many of them cause a quite specific 
symptom, the acromegaly described by Marie, in which the hands and feet be* 
come abnormally large, as well as portions of the face, such as the chin, nose 
nnd tips. This acromegaly occurs in simple hyperplasia of the hypophysis, 
which causes a hypersecretion. Such an acromegaly, associated with bitemporal 
hemianopsia, locates the tumor beyond a doubt. When the tumors come not 
from the middle, but from the lateral parts of the middle fossa, the succession 
of the symptoms produced is different, yet the disease of this structure is 
present even then. 

When we thus investigate in what group of tumor symptoms the ocular 
symptoms in any case may fall, we see that we can contribute very much to 
the accurate loca ligation of a tumor in the brain. 



163. The Ocular Symptoms Which Indicate That a Disease Is Situ- 
ated in the Pons Varolii 

The ocular symptoms in this boy, 11 years old, were not only the first signs 
e.f disease, hut they indicate positively a certain lesion when taken in connection 
with other symptoms. The boy has hitherto been perfectly well, but he conies 
of a tuberculous family. His trouble began with a paresis of the left abducens, 
the cause of which was at first uncertain. Some four or five weeks later a 
paresis began and has steadily increased in the limbs on his right side. Then 
he began to have attacks of dullness and sometimes vomited, especially in the 
morning. Nothing pathological can be found witli the ophthalmoscope. With 
this combination, paresis of the abducens on one side, paresis of the limbs on 
the other, the ophthalmologist must suspect the presence of a lesion in the pons. 
This diagnosis has been confirmed in the neurological clinic, the report of which 
reads: Well built lad, in a fair state of nutrition. The right leg is held stiffly 
in walking, the outer edge of the foot touches the floor first, the foot is carried 
forward in a semicircle. Walk not made worse by closing of the eyes. Stands 
firmly on the left foot, wavers a little on the right. Romberg indicated. Max- 
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imal circumference of right leg, 26 cm ; of left, 26% cm ; circumference of right 
thigh, 16 cm above the patella, 36 cm ; of left, 36 cm. During rest the right 
foot assumes a position of slight varoequinus. Paresis of the tibialis anticus, 
of the peronei, and of the muscles of the calf. The toes can move only a very 
little. Muscles of the thigh in good condition. No ataxia, changes .of position 
promptly perceived. Clonus of right patellar reflex from slight blows. Clonus 
of the reflex of the tendo Achillis on both sides. Stroking of the sole of the 
left foot produces an isolated contraction of the tensor fasciae lata? and plantar 
flexion of the toes ; of that of the right foot a strong dorsal flexion of the great 
toe and feeble extension of the others. No spasms are excited by passive move- 
ments. Cremasteric and abdominal reflexes more lively on the left side than 
on the right. The left shoulder is rather lower than the right. The right 
arm cannot be raised as high as the left, and tires more quickly. Slight paresis 
of the right triceps, biceps and of all the muscles of the forearm and hand. 
Circumference of the middle of the right arm, 19% cm; of the left, 20 cm; 
maximal of the right forearm, 19% cm ; of the left, 20 cm. No ataxia ; no dis- 
turbance of the sensation of posture; no tremor; periosteal and tendon reflexes 
greater on the right side than on the left. Direct muscular excitability greater 
on the right side than on the left. All qualities of sensibility good, except that 
extremely gentle touches of the pencil on the right hand are sometimes not 
perceived. Movements of the head free and not painful, even when he shakes 
his head. No sensitiveness to pressure or pqreussion. Tongue deviates to the 
right; no atrophy; no tremor. Uvula deviates a little to the left. Palate 
raised well on intonation. Pharyngeal reflex absent. The left cheek puffs out 
more than the right. Innervation of the facial muscles good. The right eye 
closes the more strongly ; a narrow slit remains open in the left when the eyes 
are closed gently as in sleep. Paresis of the left abducens, movements of the 
eye otherwise good. Reaction of both pupils to light and accommodation equal 
and good. Corneal reflexes of both eyes weak, that of the right less than that 
of the left. Tender points of the trigeminus not painful on pressure on either 
side. Hearing of both ears normal. Taste intact. Left masseteric reflex 
seems to be the stronger. Muscles of mastication normal. Condition of in- 
ternal organs negative. No albumin or sugar in the urine. Quantity of urine 
not increased, no polydipsia. 

Two classes of diseases of the pons are met with in practice: 1, tumors; 
2, other focal diseases due to hemorrhages, thrombotic softenings and abscesses. 
We are able to answer the question as to what ocular troubles indicate a lesion 
in the pons more precisely now than formerly, thanks to the joint labors of 
neurologists and ophthalmologists. Uhthoff in particular has recently sifted, 
critically, the immense mass of material and has compared the findings at 
autopsies with the clinical observations made on the living patients, and has 
thereby done us a great service. 

A. Ocular Troubles in Tumors of the Pons 

The solitary tubercle, especially of young people, is the most common of all 
the tumors of the pons ; then follow gliosarcoma, sarcoma, and gumma. The 
cardinal ocular symptoms produced by one of these tumors are : 

1. Choked Disc. — This is present in more than half of the cases. Optic 
neuritis is also very common, though less frequent than choked disc. It is 
of diagnostic interest to know that true choked disc is not as apt to appear 
in connection with solitary tubercle as with gliosarcoma of the pons. 
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2. Paresis of the Abducens with Affections of the Other Cerebral Nerves, 
Especially of the Facial. — This combination is present in more than 75% of 
the cases. The paresis of the abducens may be bilateral, while only one facial 
nerve is affected. 

8. Paresis of the Opposite Side of the Body. — The paresis of the abducens 
may be combined with that of the internal rectus of the other eye, so as to 
produce a paresis of the lateral associated movement of the eyes. This paresis 
of the associated lateral movement, taken together with a paresis of the opposite 
side of the body, must be looked upon as one of the most important diagnostic 
symptoms of a tumor in the pons. It is present in more than a third of the 
cases. The reaction of convergence may be perfectly intact ; the same internus 
that is paretic in the lateral associated movement may act in convergence. This 
shows that the lateral movements and the convergence must have different 
centres of innervation. The paresis of the associated lateral movements may 
be bilateral when several tumors are present, or when a tumor has encroached 
upon the other side of the pons. 

As regards the other ocular nerves the oculomotor is affected with com- 
parative infrequency, but when it is involved the paresis of the body is usually 
on the opposite side. In such a case we may suppose that either a tumor of 
the pons has encroached upon the pedunculus cerebri, the nuclear region of the 
oculomotor nerve in the floor of the aquaeductus Sylrii, and the region of 
the corpora quadrigemina, or that a neoplasm from these regions has attacked 
the pons. Sometimes only a ptosis with paresis of the opposite side of the body 
is present, but the ptosis may be due to other causes. It rarely happens that 
a bilateral paresis of the movements of the eyes upward and downward is 
caused by a tumor of the pons. The facial nerve is affected much more often 
than the .oculomotor, as has been said. A combination of paresis of the facial 
none with paresis of the opposite side of the body (Millard-Gubler's paresis) 
excites suspicion that a tumor is situated in the pons. Facial paresis, with 
inabilitv to turn the eves toward the same side, is also a verv characteristic 
symptom, but if we meet with a combination of pareses of the facial and 
abducens we are not justified in suspecting a tumor of the pons until after 
pareses of other nerves on the same side have been added, especially of the 
trigeminus. The latter nerve is never affected alone in a tumor of the pons, 
hut always in combination with other cerebral nerves. When both it and the 
facial are involved by a tumor in this situation a neuroparalytic keratitis may 
develop, but this combination is not necessarily indicative of such a tumor. The 
pupil furnislies mi signs of the presence of a tumor in the pons, and nystagmus 
has onlv occasionally been observed. 

& Ocular Troubles in Other Food Diseases of the Pons 

The clinical pictures produced by liemorrhages* thrombotic softenings and 
akvesses in the pons can be different iated from those caused by tumors by the 
fact that the onset of the symptoms is more acute, is frequently sudden, and 
that they reach their maximum more quickly. These focal diseases are less 
common than tumors* VktKof found ITS tumors of the pons revealed by 
autopsy to 51 case* of otlier focal diseases. Otherwise the symptoms are the 
same. The inability to turn the eyes laterally, combined with paresis of the 
opposite skle of the body and with involvement of the facial and trigeminus 
of the same side* remains characteristic* A striking fact is that a neuroparalytic 
keratitis is met with very rarely in these diseases* in spite of the pareses of the 
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facial and trigeminal nerves. The pupils afford little help, but meiosis seems 
to be frequent. Reflex immobility of the pupil to light, with preservation of 
the reaction to convergence, must be said to be very rare. The changes in the 
optic nerve and fundus aid us ^ust as little, except that a neuritis is frequently 
observed in connection with an abscess of the pons, but these abscesses again 
are very uncommon. A true choked disc, or an atrophy of the optic nerve, 
together with symptoms referable to the pons, is indicative rather of a tumor. 



164. In How Far Can Ocular Symptoms Be Utilized in the Diag- 
nosis of a Meningitis ? 

The vision of this patient is greatly impaired by an optic atrophy. He 
states that more than ten years ago he was sick for a long time, suffered from 
cerebral symptoms, headache, vomiting, dizziness and stupor, and that during 
the course of this disease he lost the sight of both eyes almost completely. He is 
now perfectly well. Wassermann's reaction is negative. We find in him simply 
an atrophy of the optic nerve that must be ascribed to a former so called 
chronic meningitis simplex, from which recovery may take place. In this form 
of meningitis we depend chiefly for our diagnosis on the visual disturbances 
and on the changes in the fundus, as these may afford the first explanation of 
the uncertain cerebral symptoms from which the patients have been suffering. 
It is not to be denied that in many of these cases the changes in the optic nerve 
can be ascribed to a hydrocephalus internus, but still optic neuritis, terminating 
in atrophy, surpasses all other ocular symptoms in meningitis simplex. An 
amaurosis of cerebral or cortical origin may occur in this form of meningitis, 
but frequently the vision cannot be improved, although the ophthalmoscopic 
condition is negative and the pupillary reactions are intact. Even when the 
meningitis is at the base of the brain and causes an optic neuritis with atrophic 
discoloration of the papilla, a portion of the vision may be preserved. All 
other ocular symptoms, such as pareses of the muscles of the eye, are rare in 
this form of meningitis, except that pareses of the abducens are fairly frequent. 
The importance of the eye symptoms is quite different in the other forms of 
this disease. A secondary meningitis may occur in the course of the general 
infectious diseases, such as typhoid fever, pneumonia, scarlet fever, influenza 
and py*mia, but such cases are comparatively rare, so I will mention only 
the principal forms — tuberculous, epidemic cerebrospinal, and otogenous puru- 
lent meningitis — in each of which the ocular symptoms have a certain degree 
of diagnostic importance. 

I. Tuberculous Meningitis 

If it is suspected that a child has tuberculous meningitis we ascertain first 
whether an optic neuritis is present, for such an inflammation of the optic nerve, 
characterized by redness and haziness of the tissue of the papilla with obscura- 
tion of its margins without a great degree of swelling, is the most common 
ocular symptom of tuberculous meningitis. It is present in from 85 to 30% 
of the cases. 

A prominent choked disc is much more uncommon. Such a condition, 
especially when it is bilateral and met with in the course of a meningitis, must 
lead us to suspect a complication, either by a solitary tubercle, or by 
hydrocephalus. 
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Descending neuritis with great loss of vision and slight changes in the fundus 
is equally rare. Simple hyperemia of the papilla and hemorrhages into the 
retina are infrequent in tuberculous meningitis and have little diagnostic value. 

We meet with discrete tubercles of the chorioid .rather more often, accord- 
ing to Vhthoff in about 10% of the cases. These form little, yellowish gray, 
distinctly prominent and usually sharply defined foci in the chorioid, and have 
a predilection for the region of the posterior pole. They may occur together 
with a neuritis, or independently, but they are much more common in general 
miliary tuberculosis, in which they are found in nearly half of the cases. Taking 
all these lesions of the optic nerve and chorioid together, neuritis, choked disc, 
hyperemia, descending neuritis and tubercle of the chorioid, we find, according 
to Chthoff % pathological changes in the fundus in 49% of the cases of tuber- 
culous meningitis. 

As regards affections of the ocular muscles, oculomotor paresis is much 
more frequent in gummatous meningitis of the base of the brain, and a bilateral 
paresis of this nerve is scarcely to be met with. A conjugate deviation of the 
eyes is very rare, and nystagmus is by no means frequent. 

Impairment or complete abolition of the reflex reaction of the pupil to 
light is to Ik* observed in from* 10 to 15% of the cases. A difference in the 
size of the pupils is about as frequent. The principal ocular symptoms in 
tuberculous meningitis are to bo detected with the ophthalmoscope, and by 
their help we can often render positive the differential diagnosis from other 
acute infectious diseases with cerebral symptoms. A marked neurit ic optic 
atrophy usually indicates that the meningitis was not tuberculous, because 
death generally intervenes before such a condition can develop. Hemianopic 
defects in the visual field are scarcely ever observed in this disease. 

IL Epidemic Cerebrospinal Meningitis 

In this farm also optic neuritis takes first place among the ocular symptoms, 
while choked disc is very rare. Retinal hemorrhages are uncommon. Even 
when no lesions can be seen in the fundus with the ophthalmoscope visual 
troubles mav occur which are to be ascribed to lesions situated either at .the base 
of the brain, or in the cortex of the occipital lobe. These may be differentiated 
by means of the pupillary reactions. When the amaurosis is absolute and the 
reaction of the pupil to light is still normal the lesion cannot be situated at 
the base of the brain or peripherally. 

Troubles mith the muscles of the eve are met with in from 13 to 15^ of 
the cases* according to Chthoif and Hrin*. The paresis of the abducens is 
the most common* that of the oculomotorius is less frequent. The other troubles, 
Mich as strabismus* nystagmus* and conjugate deviation, are of no great im- 
portance to the diagnosis. Pupillary disturbances are rarely met with* and 
l.fh'hU-Hstim maintains that an extreme dilatation of the pupil with loss of 
its reactivity is far more frequent in tuberculous than in epidemic meningitis. 
The palpebral figures £ap* widely* and winking is diminished in deep stupor, 
hit this lagophthahv.os is not the result of a facial paresis* it is due to the 
stupor of the son cerium. 

Inflammations in the orbit aw xery rarely iv.et with. Neuroparalytic kera- 
titis is no mow apt to occur in epidemic thar. ::• tuberculous meningitis^ but the 
two diseases may sctveti-.c- K c.-.**-rvr.::*T*\i 1 v :be fact that a metastatic 
ophtr-ahuia takes place iv> *Jv;:: ^ ,*f t:v case* of cpkkrnic cerebrospinal men- 
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ingitis, either in the early or in the late part of the course of the disease. A 
very remarkable fact is that this symptom may appear even in very mild cases, 
and may be so slight that the eye may regain something of vision. This sort 
of metastatic ophthalmia begins with grave inflammatory symptoms which 
quickly retrograde, and the eyeball atrophies only a little. Such a benign form 
is excited only by pneumococci and the phenomenon is explained in cerebrospinal 
meningitis by the fact that meningococci die very soon in the vitreous. The 
metastatic ophthalmia may start either in the vessels of the retina, or in those 
of the chorioid, but it must not be thought that the inflammation is transmitted 
along the optic nerve from the meninges; it is of hematogenous origin. 
Although this ophthalmia runs on the whole a benign course, so far as the eye 
is concerned, its appearance is of little value to the general prognosis as to 
life, for the patients may die just the same. 

IIL Otogenous Purulent Meningitis 

A large proportion of the cases of purulent meningitis are caused by 
diseases of the ear and of the petrous portion of the temporal bone, and the 
diagnostic value of the ocular symptoms produced in this disease is quite dif- 
ferent from that in the forms of meningitis that have been mentioned. Meta- 
static ophthalmia need not be taken into account, as it is met with in practice 
very rarely. Optic neuritis is uncommon in the absence of complications ; when 
present it indicates a circumscribed meningitis and that the otologist must be 
called upon for an operative intervention. A typical choked disc usually in- 
dicates other intracranial complications, such as abscess of the brain, or sinus 
phlebitis. 

The abducens is the most frequently affected of all the nerves of the ocular 
muscles; it runs over the apex of the petrous portion of the temporal bone and 
may readily be involved in a circumscribed meningitis. Next in frequency the 
facial nerve is affected, but troubles of the other nerves are rare. We cannot 
learn much from the behavior of the pupils, and on the whole it may be said 
that ophthalmoscopic changes are not very common in otitic meningitis. Ab- 
scess of the brain is the complication in which optic neuritis or choked disc 
is most often met with. 

When it is suspected that a cerebral hemorrhage, a haematoma of the dura, 
is present in a case of pachymeningitis interna hemorrhagica we look for a 
choked disc or an optic neuritis, for it has been ascertained that in such hem- 
orrhages the blood enters the sheath of the optic nerve and excites the symptoms 
of engorgement of the papilla. The diagnostic value of choked disc in onlv 
one eye is particularly great, for experience has taught us that such a condi- 
tion is very rare in such other troubles as tumor of the brain, abscess, hydro- 
cephalus, and even in fractures of the base of the skull and lacerations of the 
middle meningeal artery. Retinal hemorrhages are also found in many cases 
of pachymeningitis interna hemorrhagica. The other ocular symptoms are 
of slight diagnostic importance in a haematoma of the dura in comparison with 
this condition of the optic nerve. Pareses of the ocular muscles are very rare. 
A tron jugate deviation of the eyes to one side, commonly with a rotation of the 
head to the same side, is the most positive symptom. Nothing diagnostic can 
be obtained from the nystagmus, or from the anomalies of the pupils. 
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165. Ocular Symptoms in Hydrocephalus 

The diagnosis of hydrocephalus is not difficult when a child develops after 
birth an increasing size of the head to which the parents themselves call atten- 
tion. In this case we have not simply to make the diagnosis, but to pass judg- 
ment upon it ophthalmologically, for our colleague, Payr, is about to undertake 
: ts operative treatment, and the' ophthalmoscopic control of the intraocular 
changes is one of the preconditions to the adoption of all therapeutic attempts 
in hydrocephalus. 

Whether this condition starts as a serous meningitis, or from an occlusion 
of the aqiuvductus Sglrii % the result is always an abnormal accumulation of 
fluid in the cerebral ventricles, and, in rare cases, between the dura and the 
surface of the brain as well, which is associated with an increase of the intra- 
cranial pressure. 

In this child we find the most common ophthalmoscopic symptom of the 
disease, a choked disc in each eye. Rather less frequently an optic neuritis, 
or a neuritic optic atrophy is met with in hydrocephalus internus, which is 
indicated by such a condition, as has been proved by observations confirmed by 
autopsy. Such changes in the optic nerve are almost never observed in hydro- 
cephalus externus. 

A fact to which I wish to call particular attention is that we very often meet 
with a simple optic atrophy in chronic hydrocephalus without any signs of 
a preceding inflammation. This simple optic atrophy is found in the smallest 
children in congenital hydrocephalus, and is considered by most ophthalmologists 
to Ik* a pressure atrophy caused by the pressure exerted by the bulging floor 
of the third ventricle upon the optic tract. 

It happens not so very rarely that the vision is found to be lost or greatly 
impaired without any cause being visible in the fundus, especially in con- 
genital hydrocephalus. It is supposed that this is due to pressure upon the 
optic paths of conduction at the base of the brain. Such a high degree of 
degeneration of the cerebral hemispheres was found in the cases in which I 
have witnessed the autopsies that the amaurosis had to be considered of cortical 
origin. Both factors, pressure on the paths of conduction and destruction of 
the cortex, evidently take part in the impairment of vision. 

Troubles with the muscles of the eye are rare in hydrocephalus; paresis of 
the abducens is the most frequent. Parcses of the associated movements of 
the eyes are also mot with. It has been observed repeatedly that the eyes are 
constantly turned down and cannot U moved upward, and such a position 
is certainly suggestive of this condition. Ii\ the course of a chronic or con- 
genital hydrocephalus in children the upper wall of the orbit may be pressed 
downward by the increased pressurv within the skull, so as to produce an exoph- 
thalmos which differs from tl % at caused bv disease within the orbit: the eveball 
is driven forward more or less uniformly by the latter, but when the upper 
watt of the orbit gives w,\v in hydrxnvphalus the eyeball is driven downward 
ami forward. The iwf of the orbit mav be so thin that the distended dura 
mav bulcv dirwtlv into the orbital eavitv. All of these conditions are to be 
met with onlv in very early life* before the bones ceas* to Yield to the intra- 
e*wbral pressure, tether deviations of the eyes are less frequent, except that 
nystagmus is sevn rather often. The latter is usually a pressure symptom, but 
<>f e*o«Wtw has pointed out that it may be caused by an affection of the laby- 
rinth. Finally it may be mentioned that chronic hydnxvphahis, even when un> 
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complicated, may cause such apparently focal symptoms as nystagmus, pareses 
of the muscles of the eyes, and of the facial nerve, cerebellar ataxia and tremors 
that come on when efforts at voluntary motion are made (Intcntionstremor). 

When we come to the question as to what ocular symptoms may be induced 
to retrogress by operative measures we find that we can follow the height of 
the choked disc very accurately. No involution of a neuritic or genuine atrophy 
can be expected. As the signs of cerebral pressure pass away we may be able 
to observe an improvement in the derangement of the muscles of the eyes, 
especially of the nystagmus. 



166. The Great Diagnostic Value of the Ocular Symptoms in Tabes 

This patient has a commencing simple atrophy of both optic nerves and a 
reflex immobility of his pupils. The etiology is indicated by the absence of the 
patellar reflex. The report of the neurologist is as foHows : E. S., 30 years old, 
states that he first noticed an impairment of his vision four weeks ago. Has 
always been in good health. Family history negative. Had a venereal disease 
which may have been gonorrhoea three years ago. Has often had opportunities 
to catch cold. Gave up drinking during the past year. Has no trouble with 
the bladder. No crises, no typical lancinating pains, but of late has sometimes 
had jcrkings of the legs. ^No paresthesia. Tongue protrudes straight for- 
ward, trembles slightly and is furrowed. Movements of tongue free. Facial 
nerve and act of swallowing normal. Movements of eyes free. Corneal reflex +. 
Muscles of limbs and body strong. Slight wavering when standing with the 
eyes closed. No ataxia. Sensation for change of position good. Stands badly 
on one leg. Distinct hypalgesia on the thorax above and below the mamma? 
as high as the clavicle. The ulnar portion of the forearm and hand are the 
less sensitive to pain. Tactile sensation good. Patellar reflex absent on both 
sides. Achilles tendon phenomenon not to be excited. All skin reflexes +• 
No Babinski. Tendon reflexes of the upper extremity absent. Pressure on 
the deep muscles of the nape of the neck painful. Diagnosis: Tabes. 

The ocular symptoms play an important part in making the diagnosis. 
Three of these are of special interest ; the reflex immobility of the pupils, which 
is a most common symptom in this disease, the troubles with the ocular muscles 
which come next in frequency, and the simple optic atrophy. 

I. Ocular Symptoms of Tabes 

Reflex Immobility of the Pupih 

Argyll-Robertson, of Edinburgh, was the first to call attention to the great 
diagnostic importance of this symptom in nervous diseases, which is so great 
that the pupils should be examined first of all when suspicion arises that a 
patient has tabes. The figures given to indicate the frequency with which 
reflex immobility of the pupil is met with in tabes vary according to the stage 
of the disease and the clinical material, but we may say that it is present in 
almost 75% of the cases. Many claim it to be even more frequent than the 
absence of the patellar reflex. The fact is important that it is demonstrable 
in most cases in the preatactic stage and is therefore a valuable early symptom. 
Usually it affects both eyes at the same time, but it has been observed in one 
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eye alone on rare occasions and tlic point should be emphasized that the diag- 
nostic significance in such n case is the same as when the immobility is present 
in both eyes. We speak of a reflex immobility of one pupil when light excites 
no direct reaction in it, hut does excite a consensual reaction of the other, while 
illumination of the second eye produces a direct reaction, bat not 11 consensual) 

A satisfactory explanation of the occurrence of reflex immobility of one 
pupil alone has not yet been obtained. Sortie investigators, like 3/oflWtM and 
Schwartz, ascribe it to a unilateral lesion of the centripetal reflex tracts after 
their separation from the visual fibres, between the corpus geniculatum and the 
nucleus of the sphincter pupilla 1 . Others think it due to a lesion of the centrif- 
ugal fibres peripherally from the nucleus of the sphincter. Others again believe, 
it indicates a nuclear lesion. The latter start from the assumption that there 
are two groups of ganglion cells in the nucleus of the sphincter, one of which 
is responsible for the transformation of the light stimulus into iris movement, 
white the second governs the other stimulations of the sphincter. But the entire 
question u to the anatomical explanation <;f the reflex immobility of the pupil 
is still unsettled. Changes in the central tubular gray matter of the third ven- 
tricle and in the aqua-duct of Sylvius have been found in some of the cases that 
have come to autopsy, and the reflex immobility of the pupil 1ms been ascribed 
to a disturbance of the reflex arch between the optic and the oculomotor nerves 
on the basis of such findings, i.e., to a lesion of the light conducting fibres close 
to the nucleus of the sphincter. On the other hand there are neurologist* who 
locate the cause in the cervical portion of the spinal cord. Thus Suger, v. 
Forster, Wolff and Bach place it in the posterior columns of the upper part of 
the cervical spinal cord. At all events its cause is not to be found in a primary 
degeneration of the pupillary fibres of the optic nerve, for the retina and nerve 
may remain perfectly normal, both ophthalmoscopically and anatomically, after 
a reflex immobility of the pupil has existed for a long time. It must be left 
to future research to discover the site of the lesion. 

We have next to determine whether the immobility of the pupil i- total, 
or whether the reaction to convergence is preserved. It happens very often 
in tabes that the pupil continues to react to convergence until the last stages 
of the disease, although the direct reaction to light is absent, and when the 
reaction to convergence is not present it is usually true that the reaction to 
light was lost long before. The reaction to light has been observed to return 
for a lime in rare eases, but such a phenomenon, which is met with much more 
often tn cerebral syphilis, seems to be extremely infrequent, and the rule is that 
when the reaction to light lias once been lost in tabes it never returns. 

The so called recovery reaction of the pupil has mi yreat clinical signifi- 
cance. In these cases the reaction to light improves after the patin:: 
mained in the dark for a long time. 

The myotonic pupillary movement is the name given to the phenomenon 
found by Sacnger in tabes, that n pupil immobile to light, hut reacting to 
convergence, remains contracted for several minutes after the act of con- 
vergence. 

The reaction of the pupil to sensory stimuli needs to be tested accurately- 
only in rare cases, for we know from the researches of Erb that the pupil does 
not dilate in response to sensorv stimuli when it is in a state of tabetic reflex 
immobility. 

It has been said that the Argyll- Robert ton pupil is a sure sign of former 
syphilis, but this is not true. Svphilis causes it occasionally, sometimes, tliou^li 
rarely, at an early period, but cases of tabes with reflex immobility of the 
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pupils are met with in which there has been no syphilitic infection. One fact 
however will strike every clinician, that such complications as atrophy of the 
optic nerve and paresis of the muscles of the eye are apt to be more frequent 
in those cases of tabes that have been preceded by syphilis. 

Meiosis may appear very early in tabes. I know a man whose meiosis was 
extreme for twenty years before another symptom was demonstrable. If we 
consider meiosis as pathological only when the diameter of the pupil is at 
most 1.5 mm we will find it combined with reflex immobility of the pupil in about 
25% of the cases. It is of spinal origin and due to a disturbance of the in- 
nervation to dilate the pupil. The centrum ciliospinale (Budge), in which the 
lesion is usually situated, lies at the level of the last cervical and the first dorsal 
vertebra?. Some do not believe in this sympathetic theory, but ascribe the 
meiosis to an irritative condition of the centripetal reflex fibres (Heddceus). 
Meiosis and reflex immobility of the pupil may occur separately, so we suppose 
with Erb that they come from two separate lesions. % 

Great weight has always been laid on anisocoria of the pupils, but to value 
this symptom rightly we must remember that an inequality of the pupils is 
met with in healthy persons. In such a case the reaction to light will be good. 
Differences in the sizes of the pupils are also met with in other organic diseases, 
especially in those of the thoracic organs. Of the diseases of the central nervous 
system general paralysis is the one in which a difference in the size of the pupils 
is most common. Anisocoria is present in about 25% of the cases of tabes, 
when it is usually accompanied by a reflex immobility of the pupil. A diag- 
nostic importance can therefore be ascribed to an inequality of the pupils only 
when the reaction is impaired at the same time. 

A so called jumping mydriasis has been observed in this anisocoria in rare 
cases of tabes, in which sometimes one, sometimes the other pupil is the larger, 
but this phenomenon may occur in hysteria, as well as in quite a number of 
other general diseases. 

The so called paradoxical pupillary reaction, in which the pupils dilate in 
response to light, is extremely rare in tabes. Frequently the sphincter con- 
tracts only a little, and then the pupil dilates in spite of the entrance of light 
into the eye. It should also be noticed whether the dilatation of the pupil 
is not a movement that accompanies changes in the accommodation, and in the 
position of the eye. We must first exclude this apparently paradoxical reac- 
tion whenever we think we have a case of paradoxical movement of the pupil. 

When I hold the lids of this patient apart and direct him to close his eyes 
a contraction of the pupil may be seen. This is the reaction to the closure 
of the lids. It is usually present when the reaction to convergence is preserved 
in a pupil with tabetic reflex immobility, but cases of tabes have been met with 
in which either the reaction to convergence, or that to the closure of the lids 
is alone preserved intact. 

II. Ocular Symptoms of Tabes 

Paresis of the Muscles of the Eye 

An impairment of the movements of the muscles of the eye is by no means 
as frequent as the reflex immobility of the pupil, to which it ranks second 
as an important ocular symptom. According to Uhthoff these pareses occur 
in 20% of the cases of tabes, and 20% of the cases of pareses of the ocular 
muscles are due to tabes. Every fifth tabetic has a paresis of the ocular muscles, 
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and every fifth putient with such ft paresis has tabes. We are coining 

and more to believe tlmt the danger of trouble with the muscles of the eye is 

greatest in those paretics who have suffered from syphilid 

Tabetic parcses of the ocular muscles have several characteristic clinical 
features. A- ■ rule they appear relatively early in the course of the disease, 
they have a fleeting character, are partial and often pass away quickly. They 
also tend to recur. The same muscle may be attacked several times, or, when 
the first attack is over, the paresis may seize upon some other muscle. Partial 
pareses of the oculomotor nerve are the most frequent, the abducens is 
affected less often and the trochlearis very rarely. It is remarkable that oph- 
thalmoplegia interna seldom occurs in tabes. The usual cause of both bilateral 
paresis of the entire oculomotor nerve and ophthalmoplegia interna is syphilis. 
On the other hand ophthalmoplegia externa is occasionally met with in the 
former djttaae, S I ruf m /<fl considers the changes in the peripheral nerves of the 
ocular muscles to he responsible for the transient pareses, hut the majority of 
tabetic affections of this nature are caused by lesions in the nuclei. The 
ganglion cells are pathologically altered and degenerative changes take place 
in the fibres in the trunk of the nerve that supply the muscles. 

Nystagmus is very uncommon, and when we meet with it we suspect the 
presence of other cerebral complications, such as multiple sclerosis, or that it 
is congenital. Twitchings of the eye that resemble nystagmus when the eyes 
are turned as far as possible in one direction are observed rather more 
frequently. 

In rare cases of tabes sensory disturbances occur in the region of the tri- 
geminus which may give rise to a sense of constriction in the face, Charcol't 
tabes mask, but such neuralgic pains are infinitely more rare than the well 
known lancinating pains in the body. It is an almost characteristic feature of 
this disease that the trigeminus and facialis are seldom affected, and in tl 
rare cases in which increased lacrymation has been observed it is questional 
whether there lias been a lesion of these nerves. 



III. Ocular Symptoms of Tabes 
Atui/>hi/ of tht Optic Nerve 



Atrophy of the optic nerve occurs in about 10% of the cases of tabes and 
may appear at any stage of the disease. Although it may be observed in the 
ataxic and paralytic stages its onset is most frequent in the prcataxic stage, 
and it may- precede all other symptoms of the disease by several years, a fact 
which is of considerable diagnostic importance. 

This atrophy was believed for a long time to indicate a good prognosis for 
the tabes, and it is a fact that we find the well defined symptoms of ataxia 
in only a small percentage of our cases with atrophy of the optic nerve. Many 
writers have claimed that the onset of optic atrophy indicates a relatively 
slow course of the tabes. Tabes superior, ocular tabes, benign forms of tabes, 
have been spoken of, hut we can in no way depend on this in individual cases, 
for the better the neurological methods of investigation have become developed 
the more it has been shown that even in cases of ocular tabes symptoms appear 
which show the lesion to be in the lower segment of the spinal cord, such as 
absence of the patellar reflex, paresthesias of the legs, sensory dist 
of the intercostal nerves, and troubles with the bladder. 
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The question in which the patient himself is most interested is the course 
of the visual trouble, which consists of a diminution of the central vision with 
a progressive contraction of the visual fields. These two troubles begin very 
gradually and go hand in hand. The patients complain that the objects seen 
become paler and more indistinct. Subjective signs of irritation, such as 
dazzling and photopsias, are rare. One eye is ordinarily affected before the 
other, and it may happen that the blindness of the first eye is not noticed until 
after the second has begun to fail; but sometimes both eyes suffer uniformly. 
The patients lose their power of color perception as their central vision fails. 
The green leaves on the trees seem to them more and more colorless, red can 
no longer be recognized, and so on. The central vision continues to fail, the 
peripheral vision to contract more and more, until the result is total amaurosis. 
The course of the disease until amaurosis is complete requires from two to four 
years on the average. Occasionally the time is shorter, in very fortunate cases 
it is longer, from six to ten years, and exceptional ones have been met with in 
which the vision has been retained till the end of life. 

The nature of the visual disturbance can be appreciated from a study of 
many visual fields obtained from various patients, which reveal two funda- 
mental types of contraction. When the entire optic nerve is affected from 
the first a concentric contraction of the visual field from the periphery takes 
place coincidently with the lowering of the central vision. The power of 
distinguishing red and green is lost first, while white objects can still be cor- 
rectly perceived within the normal limits. This impairment of the color per- 
ception at the beginning of the disease is of gnat diagnostic importance. The 
limits for white then contract gradually, then the power of distinguishing blue 
from yellow is lost: blue appears more and more like gray, and finally the 
color blindness is total in what remains cf the field for white. The more in- 
tensive the colors and the brighter the illumination the longer can the colors 
be recognized, a point of differentiation between this and the congenital form 
of color blindness. Finally the field becomes so small that it cannot be tested. 

In another group of cases the contraction of the visual fields may be in 
the form of sectors, or it may be concentric and of high degree when the 
central vision and color sense seem to be preserved for a longer time, but the 
contractions of the other segments of the field always follow in a short time, 
and the atrophy of tabes differs from that of the papillomacular bundle of 
optic nerve fibres productive of a central scotoma in that the functional dis- 
turbances in the periphery of the field are never absent. As the condition in 
tabes is one of degeneration of the retina commencing at the periphery, it can 
give rise to no homonymous or heteronymous hemianopsias, unless such happen 
to be produced by other cerebral diseases, but sometimes the fields remind one 
of hemianopsia, when the contraction in the two eyes is uniform and begins 
on the temporal side. 

Hemeralopia is absent, the eyes are, on the contrary, rather sensitive to 
bright light, so that patients sometimes think they can see a little better in 
the dusk. 

Tabetic atrophy of the optic nerve begins in the peripheral portions of the 
optic path of conduction, probably in the layer of ganglion cells and the layer 
of nerve fibres of the retina. This change cannot be seen with the ophthalmo- 
scope, the first sign visible in this way is the atrophy of the papilla. Wagcn- 
i able to observe directly the atrophy of the medullary sheaths in the 
retina in a tabetic patient who had medullated nerve fibres. We con infer 
clinically that the atrophy commences in the periphery of the optic path of 
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conduction from the fact that the visual disturbances begin with the atrophy 
of tin' papilla, and that the latter may precede the former. It is generally 
acknowledged at the present time that the degeneration of the optic nerve films 
in the retina and optic nerve is the primary symptom, while the changes ni the 
interstitial tissue arid the neuroglia are thought to be secondary. The medullary 
sheaths in the "[.lie nerve break down, irregular constrictions appear in them 
and they finally disappear. The axis cylinders become varicose in places thinned 
elsewhere, and are destroyed. This process results in the appearance of prod- 
ucts of destruction, sueh as fatty granular globules and drops of myelin. Pro- 
liferations in the interstitial tissue are absolutely wanting in this first stage, but 
later the connective tissue septa appear to have become broadened and have. 
a homogeneous appearance without the presence of any inflammatory cellular 
infiltration and proliferation of nuclei. The fibres of neuroglia and their 
nuclei seem to be increased, but still the structure of the optic nerve with its 
septa and meshes can he recognized on the slide. The purely atrophic changes 
in the layer of nerve fibres and of the ganglion cells in the retina are also 
unaccompanied by any proliferative process. The increase of neuroglia in 
tabetic atrophy is, according to WHgert, secondary to the irritation produced 
liv the degenerating nerve fibres. Why there should lie a certain predilection 
for the atrophy to affect the optic nerve in tabes still surpasses our knowledge. 
Many hypotheses have been advanced, hut a consideration of them would take 
us too fur afield. They are all finally lost in the dark problem of predisposition. 

One thing is certain. Syphilis plays an important part in tabetic atrophy. 
The connection between these two diseases has been accepted by many writers, 
like Erb and Moebiux, and the proportion in which syphilis is present in tabetic 
atrophy may be estimated as from 60 to 80' i . fVtuatrmt mn 't reaction shows 
scarcely one that is not syphilitic. The statement of Uhthoff seems to me to be 
very true that "those who have not had syphilis have every chance never to 
acquire a progressive tabetic atrophy." Although the connection between these 
two diseases is positive there is nothing certain about the time of the onset of 
the atrophy after the luetic infection. According to the statistics I have com- 
piled, several years, from four to six on the average, must elapse before the 
degeneration of the optic nerve is brought about, and in the overwhelming 
majority of cases many years intervene between the infection and the onset 
of the tabetic atrophy. 

It is very difficult to estimate the influence of treatment, because the course 
of a tabetic atrophy of the optic nerve is very variable, even without therapeusis. 
In rare cases the process may come to a standstill; in other cases just as rare 
the destruction is confined to only one nerve, and the time which elapses before 
the onset of the amaurosis varies so much that we cannot tell how much it is 
affected by treatment. Hence there remains nothing else for us to do than to 
try to arrest its development by the proper treatment of the tabes itself. Be- 
cause of the connection between syphilis and the optic atrophy the question 
naturally arises whether a mercurial treatment should not he instituted, and are 
would certainly answer this in the affirmative were it not that sometimes both 
the tabes and the optic atrophy are made worse by sueh treatment, so that it 
must la- used with great care. This treatment is indicated when the differential 
diagnosis between tain's and cerebral syphilis cannot be made in a commencing 
optic atrophy. We must also, according to Erb. treat those tabetics with 
mercury in whom the infection occurred a short time before the onset of the 
atrophy, or in whom the syphilis has nut been subjected tit » proper treatment. 
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167. The Limited Diagnostic Value of the Ocular Symptoms in the 
Other Diseases of the Columns and Systems of Fibres of the 
Spinal Cord 

Diseases of the spinal cord may be divided into two large groups: those 
of the columns and of certain systems of fibres, and those that are more diffuse. 
Clinical experience has shown that there is one disease in each of these groups 
in which the ocular symptoms are of great importance: tabes in the first, 
multiple sclerosis in the second. The value of the ocular symptoms in tabes 
has been shown, but their diagnostic importance in the other diseases of the 
columns and systems of fibres of the spinal cord is much less, in some they are 
negative. Quite a number of diseases have to be taken into account : Hereditary 
ataxia (Friedreich's disease), spastic spinal paralysis, combined disease of the 
posterior and lateral columns, poli6myelitis anterior acuta and chronica, acute 
ascending spinal paralysis, and the primary degeneration of the motor paths 
of conduction. 

In hereditary ataxia the only reliable and constant ocular symptom is the 
irregular twitching of the eyes, that resembles nystagmus, when they are 
turned to one side. This is a very rare disease, and when it needs to be differ- 
entiated from tabes it may be noted that this nystagmus does not occur in the 
latter disease, and that the derangements in the optic nerve and pupil are 
not found in the former. 

Ocular symptoms are wholly wanting in spastic spinal paralysis, which is 
rare, and is due to an isolated degeneration of the lateral columns of the spinal 
cord. 

The Combined Disease of the Posterior and Lateral Columns of the 

Spinal Cord 

The ocular symptoms found are quite analogous to those met with in tabes, 
simple optic atrophy, parcses of the muscles of the eye, and immobility of the 
pupil, yet they occur more rarely and increase in proportion to the degree in 
which the degeneration of the posterior columns appears prominent in the 
combined disease. 

Congenital Spastic Rigidity of the Limbs, Little's Disease 

A concomitant strabismus is present in from 25 to 30% of the cases of 
congenital or early acquired spastic paralysis, and forms the most important 
and most frequent of the ocular symptoms cf this disease. It is supposed to 
be caused by tonic spasms of the ocular muscles. Nystagmus and atrophy of 
the optic nerve occur very rarely indeed, in comparison with this symptom, 
which is really the only one to be taken into account in making the diagnosis. 

Poliomyelitis Anterior Acuta et Chronica 

No ocular symptoms that have any diagnostic significance occur in either 
of these diseases, which are characterized by a degeneration of the gray sub- 
stance of the anterior cornua. 



MULTIPLE SCLEROSIS 



<Acute Ascending Spinal Paralysis (Landry's Paralysis) 



Here we occasionally meet < 
the abducens, because its nucleu 
optic nerve are rare. 



ith pareses of the ocular muscles, usually of 
is the lowest. Disturbances of the pupil and 



Primary Degeneration of the Motor Paths of Conduction 

The nerves of the muscles of the eye are seldom involved in amyotrophic 
lateral sclerosis, and the other ocular symptoms have as little diagnostic im- 
portance. They likewise have no special diagnostic value in the other rlirrmirn 
belonging to this group, characterized by atrophy of the muscles, among which 
may be named progressive muscular atrophy, neurotic muscular atrophy, anil 
primary myopathy, which is also known as progressive muscular dystrophy. 
In this latter disease the degenerative paresis of the orbicularis, which cause* 
an imperfect closure of the lids, alone deserves our attention. The muscles of 
the eye itself are very seldom involved. 

As I have said, the only disease in this entire group in which the ocular 
symptoms are diagnostic is tabes. The conditions in the second group, which 
includes the more diffuse diseases of the spinal cord, are quite analogous. The 
ocular symptoms are characteristic in multiple sclerosis, but are of little diag- 
nostic value in the other diseases. 



168. The Great Diagnostic Importance of the Ocular Symptoms in 
Multiple Sclerosis 

The history of this patient' is as follows: A. R., 29 years old. Father 
is very nervous, mother is in good health. Eight out of twelve brothers and 
sisters died when very young, none with convulsions. Two relatives on bis 
father's side are blind. The patient had attacks of stupor when a child and 
again when he was 18 years old. As a soldier in 1898, at 20 years of age, 
he was perfectly healthy, the strongest man in his company and a good shot. 
In 1902 frequent attacks of stupor again appeared. In 1905, when returning 
quite sober from a ball, he suddenly fell without any apparent cause, but was 
able to get up and go on at once. In January, 1906, he made himself inde- 
pendent under great difficulties; he frequently worked all night, ate badlv and 
had a great deal of excitement in the way of business. One day in March, 
1906, he noticed that he could not see well centrally with his left eye. although 
its peripheral vision was good. He consulted a physician, who prescribed iodide 
■mil -iid the disease was an inflammation of the optic nerve behind the eye. 
He is unable to give further details as to whether the visual disturbance per- 
sisted a long time or not, because he saw well with his right eye and this suf- 
ficed for his purposes. He was so absorbed in his business cares that he neg- 
lected everything else. In January, 1907, after a period of great mental 
excitement, he suddenly saw a cloud before his left eye, which disappeared in 
half an hour, but returned frequently after vexation and excitement and in- 
creased in duration. He says he was able to check it by dousing his head 
in cold water. The physician who was finally consulted prescribed aspirin, 
sajodin and vapor baths. Attacks of vomiting and dizziness followed the latter 
and persisted after the baths had been discontinued. One morning near the 
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end of August, 1907, after a great business vexation the preceding evening, 
he noticed that the central vision of his right eye was gone. From this time 
on the attacks of dizziness became more frequent, he suffered from headaches 
and sometimes from dull pains behind the eyes. In addition he cculd not walk 
well at times and sometimes fell without apparent cause. As his condition con- 
tinued to grow worse he sold out his business in September, and in November 
as he was looking over the account he was struck with total paralysis of his 
right leg and partial paralysis of his right arm and hand. After that, in spite 
of a feeling of tension in his bladder he was unable to void his urine properly. 
During this time his vision grew considerably worse. The paralysis improved 
gradually, so that at the beginning of December he could use his hand and 
arm and could walk with the aid of two canes. The weakness of the detrusor 
muscles of the bladder also improved, but the badly impaired vision showed 
no signs of recovery, and this brought him to us on the 3d of March. He 
has used alcohol and tobacco very moderately and denies that he has ever had 
syphilis. 

The vision of his right eye is 2.5/60, that of his left 8/60, not improved 
with glasses. He cannot read the largest print. The skiascope shows that 
lie has 1 D of hypermetropia in his right eye, 0.5 D in his left. The direct 
and consensual reactions to light are good in both eyes, that to accommodation 
is almost lost. The motility is unimpaired. He has a slight nystagmus of 
loth eyes. 

Fundus: The temporal side of each papilla is very characteristically pale, 
while the nasal halves have their normal yellowish red color. The stippling of 
the lamina cribrosa is distinctly visible in the pale portion. The margins of 
the nerve are sharply defined, especially on the temporal side. The larger ves- 
sels are well preserved but contracted, the arteries more so than the veins. No 
lesion is to be seen in either macula. 

Field of vision : Moderate concentric contraction of the right field for white 
and blue; no contraction above and below, a slight contraction on the nasal 
side, a greater one on the temporal, where the limits for white are rather irregu- 
lar. The limit for red is contracted below the horizontal line to 20°, is less 
contracted everywhere else, and at one point it projects over that for blue. 
The limit for green is distinctly contracted concentrically. In peripheral vision 
blue is correctly recognized with each eye, red appears brown, green appears 
yellowish. He has an absolute central scotoma for green, extending upward 
and outward to 15°, below to 20°, inward to 12°, and an absolute scotoma 
for red situated paracentrally in the region of the blind spot about 5° in 
diameter. In the left eye we find an absolute scotoma for green extending 
about 18° in all directions, and another for red extending upward, inward and 
downward 10°, outward 5°. He has an ill defined relative scotoma for blue, 
sometimes central, sometimes paracentral to the nasal side, varying in size, 
in which blue appears to be gray. The white point of fixation on the perimeter 
often vanishes for seconds before each eye of the patient and its size seems to 
•change. Nothing pathological was revealed by the examination of his urine. 

Neurological examination: The right leg is slightly spastic in walking, the 
sole of the foot drags along the floor. Uncertainty in turning around, not 
made worse by closing the eyes. Stands badly on one leg, especially the right. 
Strength preserved everywhere. In the fatigue test vacillations are noticeable 
-on the right side in twenty seconds, though the leg can be held up a minute 
inthout difficulty. Slight spasms greater on the right side than on the left. 
Impossible to arise from lying on the back. Slight uncertainty of the hands 
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in Hie test of touching the nose with the finger. No ataxia in the legs. 
sense of change of position preserved everywhere. All qualities of sensatioi 
good, except that perhaps the feeling of touches of a pencil on the right foe 
may be a little weak. All tendon reflexes increased. He has ankle clonus e 

cl i- "f the patella. Babinski greater on the right side than on the left. 

Abdominal reflex apparently absent on both sides. Reflex of the frontal branch 
of the right facial nerve less than that of the left. Associated movement! about. 
the mouth when the tongue is protruded. Movements of the tongue, of masti 
cation and of swallowing free. Masseteric reflex not increased, cremasteri 
reflex weak on hoth sides. Slight ptosis of right upper lid. Pharyngci 
reflex -p. Marked tremor and Qmnqxtaud. Speech slow but distinct. Th 
serological examination for syphilis gives a negative result. Diagnosis: Mn 
tiple sclerosis. 

The diagnosis of multiple sclerosis is not always so simple and clear, bu 
the symptoms presented by the eyes often need to be taken into account i 
tiif early stage of this disease. The most common ocular symptom in tain 1 - i 
tin. reflex immobility of the pupil, then come pnreses of the muscles and, Us 
Mil ligns of atrophy of the optic nerve. The condition is exactly reversed i 
multiple sclerosis, in which the changes in the optic nerve and the distoibsno 
of vision take first place, the troubles of the ocular muscles second, and th 
changes in the pupil last of all. 

I. Changes in the Optic Nerve and Disturbances of Vision 

In many cases the picture presented is that of simple atrophy, such as w 
OK accustomed to meet with in tabes. The papilla is completely atrophic, it 
margins are sharply defined. Frequently a slightly reddish color can be ne 
in the inner half of the papilla, but I consider it an affectation to make tw 
subdivisions of the simple optic atrophy that we meet with in multiple Bclerosil 

.lust as often we find the atrophy confined to the temporal half of th 
piip'iUn, an ophthalmoscopic picture that is also to be seen In alcohol and tobacco 
amblyopia. In comparison with tabes optic neuritis is frequently met with in 
multiple sclerosis, though in a much smaller percentage of cases than the 
atrophic changes. I cannot venture to decide whether these cases are rei 
more common than they appear to be, whether it is true that in mull 
sclerosis an original optic neuritis may pass over into a simple atrophy, bt 
my cues the margins of the papilla have been rather indistinct. 

Another clinical feature of this disease is that for a long time only- 
optic nerve may be affected, a fact that has to be taken into account in 
individual cases, but we shall not learn the entire significance of the chan 
in the optic nerve as regards the diagnosis of multiple sclerosis until ' 
How frequently are these changes and the disturbances of vision present 
this diieaK? 



Significance of the Changes in the Optic Xrne and of the Visual Trouble. 
in the Diagnosis of Multiple Sclerosis 

The researches of I'hthoff have shown that the changes in the optic tra< 
are present in about one half of the cases, and stress has rightly been laid c 
the fact that such a high percentage of pathological conditions in the opl 
mrvc is exceeded only by tumors of the brain, and equalled only by c 
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syphilis and tuberculous meningitis. The diagnostic importance of these symp- 
toms does not depend solely on their frequency, but also on the fact that they 
may precede the others. Visual troubles are present in a good many cases 
when we are unable to detect the cause with the ophthalmoscope, and they often 
furnish certain data for the diagnosis. 

I called attention to the fact that in tabes, when we can see an atrophic 
paleness of the papilla, there is a corresponding impairment of function, but 
this relation between the visual disturbances and the ophthalmoscopic change 
is by no means so constant in multiple sclerosis. We may find an atrophic 
paleness, or an optic neuritis, and yet the vision may be as good as could be 
desired, or the function of vision may be considerably impaired without any 
corresponding ophthalmoscopic change being perceptible. In other cases the 
two factors go hand in hand. We must bear in mind that in multiple sclerosis 
the changes in the head of the optic nerve need not indicate the extent or 
the degree of the anatomical lesions in the nerve itself.. 

The impairment of vision develops quite gradually in tabes, while in mul- 
tiple sclerosis it frequently conies on much more tempestuously, sometimes quite 
suddenly. When the onset of the disease is sudden the visual trouble often 
goes on to blindness, but in certainly half of the cases it takes place more 
slowly. The impairment of the vision is governed by no fixed rule. 

The visual troubles of multiple sclerosis also differ in their course from 
those of tabes. Tabetic atrophy goes on to amaurosis in the overwhelming 
majority of cases, while in multiple sclerosis total blindness is an absolute rarity, 
knd even in the most doubtful cases improvement is apt to take place and to 
be followed by a recurrence. These fluctuations in the visual disturbances form 
one of the characteristic features of this disease. The patients complain simply 
of indistinct or bad vision; they have no flashes of light or other subjective 
symptoms of irritation, so wo can gather no data for the diagnosis from their 
descriptions. The examination of the field of vision furnishes us better in- 
formation, although we are more or less impressed by a lack of rule fa its 
behavior. We find central scotomata, with the periphery of the field free or 
contracted. Here again we meet with regular and irregular concentric con- 
tractions. Ring scotomata are seldom met with. Sometimes the various dis- 
turbances in the visual field change about, even within a short time. 

When the visual disturbance takes the form of a central scotoma the differ- 
ential diagnosis hetween multiple sclerosis and retrobulbar neuritis may be diffi- 
cult, especially when the latter is not due to chronic intoxication, has a sudden 
onset and shows analogous fluctuations in intensity. It should be remembered 
in such a case that central scotomata are still more common in retrobulbar 
neuritis than in multiple sclerosis, and that in the latter disease the central 
scotoma is usually relative, while in acute retrobulbar neuritis it is ordinarily 
absolute. This difference does not appear in the amblyopia of chronic intoxi- 
cation, but the latter is bilateral, as a rule, while in multiple sclerosis the 
trouble is apt to he confined to only one eye. As acute retrobulbar neuritis 
may also affect only one eye, it is readily understood that the differential 
diagnosis cannot always be made from the ocular symptoms alone in any given 
case. According tti Uhthoff, multiple sclerosis is present in only 8% of all 
retrobulbar inflammations of the optic nerve, including amblyopia from in- 
toxication. If the latter is excluded, multiple sclerosis is present in 8%. It 
is evident from this that from the ophthalmoscopic point of view the differential 
diagnosis of multiple sclerosis from retrobulbar neuritis is more difficult than 
from tabes. 
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Difficulties may arise in the same way when the visual trouble starts either 
with or without a retrobulbar neuritis and when it is a question of excluding a 
commencing myelitis. The course of such a case is decisive. In functional 
hysterical amblyopia the contraction of the visual field is more regular than 
it is apt to be in this disease. 

All of the peculiarities of the visual disturbances in multiple sclerosis be- 
come comprehensible as soon as we study the pathological changes that take 
place in the optic nerve tracts. The question lias not yet been decided whether 
the changes of the nervous elements, or those of the connective tissue, of the 
neuroglia and of the vessels are primary in this disease. We are inclined to 
the idea that the disease starts from the surrounding tissue and not from the 
nerve fibre*, for the fact is established that the axis cylinders are spared fur ■ 
long time in the foci of sclerosis in the optic nerves and lose only their medul- 
lary sheaths. In this the process differs essentially from that of progressive 
tabetic atrophy, in which both medullary sheaths and axis cylinders arc de- 
stroyed. This fact corresponds with the clinical symptom which has been 
emphasized as the most important — the preservation of the visual function. 
In addition to this we meet with distinct signs of proliferation in the con- 
nective tissue framework and in the glia, which lead one to think that the 
process must start here. We find on our slides proliferation of the glia and 
thickening of the interstitial tissue, together with intact nerve tissue. The 
sudden onset of the visual disturbance likewise indicates an interstitial inflam- 
mation. We also find an increase of the vessels and changes in their walls 
in the vicinity of the foci. On the other hand signs of simple atrophy, de- 
generation of the nerve fibres and atrophy of the medullary sheaths may be 
present, so that both processes may sometimes be combined. 



II. Disturbances of the Ocular Muscles 

These consist, first, of parcses, second, of nystagmus, or twitchings of the 
eye that resemble nystagmus, and, next to the changes in the optic nerve, form 
the most important ocular symptom of multiple sclerosis. 

According to Uhtlioff the pareses occur in about 20% of the cases. Tluv 
present two characteristic features. In the first place they are transient, often 
pass away quickly, and it is very seldom that a lasting paresis is met with, 
but they are governed in this respect by no fixed rule, and the diagnosis of 
multiple sclerosis cannot be made from a paresis of a muscle of the eye alone. 
The second peculiarity is that the clinical picture very often indicates a central 
lesion. Thus we find in this disease pareses of the associated movements of the 
eyes, or of convergence, well marked ophthalmoplegia externa, as well as partial 
pareses of the oculomotor nerve. The lesions are situated in the centres of 
the associated movements, or in the nuclei of the ocular muscles. In this re- 
spect there is a distinct difference between the disturbance of vision and that 
of the muscles of the eye in multiple sclerosis. The disturbances of the ocular 
movements are caused by central or cerebral lesions, those of the vision often 
by peripheral ones in the path of the optic nerve. 

Pareses of the associated movements of the eyes are much more common 
in multiple sclerosis than in tabes. On the other hand total paresis of the 
oculomotor nerve is scarcely met with at all In the former, while it is frequent 
in the latter. The same is true of ophthalmoplegia interna, it occurs often 
in tabes, but hardly at all in multiple sclerosis. 

Our patient exhibits still another eye symptom, a horizontal nystagmus. 
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We must differentiate carefully whether this is a true nystagmus, in which 
the eyes swing to and fro in accordance with the associated movements, or are 
twitchings that resemble nystagmus, which are accustomed to appear when 
the eyes are turned far in any direction. This derangement of the movements 
of the eyes is very common in multiple sclerosis. Charcot called attention to 
its importance, and held it to be analogous to the tremors that come on when 
efforts at voluntary motion are made, but the views in regard to its nature 
are very much divided. Some think it due to an anomaly of the tonicity of 
the muscles, some believe it due to an imbalance caused by insufficiency of cer- 
tain groups of muscles, some consider it a symptom of fatigue, and some think 
that it is brought about by fitful contractions of the muscles. True nystagmus 
alone is of any significance. It is rarely met with in the other diseases of the 
central nervous system as compared with multiple sclerosis, in 12% of the cases 
of which Uhthoff found it to be present, while twitchings that resemble nystag- 
mus have been met with in all possible kinds of diseases, for example in affections 
of the labyrinth, meningitis, hysteria, tabes, alcoholism, paralysis agitans, and 
diseases of the cerebral cortex, and Schultze has pointed out that we can even 
find them in persons who are enjoying perfect health. 

IIL Behavior of the Pupils in Multiple Sclerosis 

Complete reflex immobility of the pupil and meiosis occur very seldom in 
this disease, a respect in which it presents a marked contrast to tabes, but 
occasionally mydriasis, a somewhat reduced reaction to light, and a difference 
in the size of the pupils are met with. The presence of an abnormally lively 
pupillary reflex has been pointed out by Parinaud and others, but we cannot 
do much diagnostically with all these symptoms, we must always take into 
consideration along with them the changes in the optic nerve and the dis- 
turbances of the ocular muscles. The order of importance of the ocular symp- 
toms in this disease is, first, visual troubles with the changes in the optic nerve ; 
second, pareses of the ocular muscles and nystagmus; last, the changes in the 
pupil. 

Therapeutically we are confined to the general treatment of multiple sclero- 
sis: Electricity, hydrotherapy, massage, treatment of the ataxia by exercise. 
The most useful drugs are the iodides, mercury and arsenic. As regards the 
treatment of the changes in the eye the most important thing we can do is to 
assure the patient that total amaurosis docs not result in the majority of cases. 



169. The Limited Diagnostic Value of the Ocular Symptoms in the 

Other Diffuse Diseases of the Spinal Cord 

Just as tabes is the only disease of the systems of fibres in the spinal cord 
in which the ocular symptoms possess much diagnostic value so multiple 
sclerosis is the only diffuse disease of the cord in which certain ocular symptoms 
are characteristic. We have been requested by the surgical department to see 
if there are any ocular changes in this patient, who is supposed to have a tumor 
of the spinal cord, but the changes present are very indefinite. I consider it 
my duty to point out the limits of the diagnostic value of the ocular symptoms 
in these diseases that we may be able to tell those who consult us in what 
diseases of the spinal cord we can contribute little to help them in the diag- 
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nosis. For this purpose we may divide the diffuse diseases of the cord i 
two groups: one in which the ocular symptoms have a great diagnostic rai 

and one in which their value is much less. Multiple sclerosis is the only repre 
.tentative of the first group, tumnrs of the spinal cord, diseases of the vertebra, 
injuries of the cord, myelitis and syringomyelia belong to the second. 

In the rare cases of tumor of the spinal cord we find pathological changi 
in the optic nerve and parcses of the ocular muscles only when cerebral i 
plications are present, or when the tumors have extended to the brain or to the 
base of the skull. Disturbances in the pupil due to paresis of the sympathetic 
may be observed when the tumor has injured the centrum ciliospinalc in tin 1 
upper dorsal portion of the cord. Reflex immobility of the pupil is seldom 
met with. 

Chnnges in the optic nerve, or troubles with the muscles of tin ■ 
scarcely he produced by affections of the spinal cord causal by diseases of the 
vertebra;. There is only one symptom which may be noticed when the diseai 
involves the lower cervical and first dorsal vertebra', the paresis of the s 
tin-tic The cihospina] centre is situated at this place and the sympathetic fihr 
leave the spinal cord in the first, dorsal root. Injuries and diseases i 
vertebras at this place therefore cause the pupil to be contracted, to dilate wit! 
difficulty B.ftei the instillation of cocain, or in the dark, and the palpebral fissun 
to bo narrowed by the sinking of the upper lid and the rising of the lower. 

Likewise in direct injuries to the spinal cord in the cervical region tin 
paresis of the sympathetic is the most noteworthy ocular symptom. In gravi 
cases of commotio spinalis ladling parcses appear only when organic las' 
ham been produced, but we often observe functional disturbances after ; 
injuries, which may be ascribed to traumatic hysteria. The visual field is eon 

cent ricillv contracted in such eases, there are derangements in the pcrccptie 
of colors, and visual troubles exist without any changes in the fundus that can 
he seen with the ophthalmoscope. 

The diagnostic significance of the ocular symptoms is rather better 
syringomyelia, which may come From many causes and in which longitudir 
Imlltiu spaces are formed, usually in the central portions of the cord, accom 
panicd by a proliferation of the glia in the vicinity. This formation of can- 
ities in the gray suhstancc of the spinal cord and the medulla ohlongata explains 
why certain eye symptoms are produced, but the diagnostic value of these 
symptoms is very limited. Paresis of (he ahduceus is the most common, and 
shows that the disease has extended to its nucleus. The nuclei of the trochlearis 
and oculomotorius arc almost always spared, so there is no ophthalmoplegia 
externa in the overwhelming majority of cases, and a lesion of the internal 
muscles of the eye hardly needs to be taken into account. True nystagmus ia 
rare, while twitchings that resemble it are common. The trigeminal and facial 
nerves are affected with comparative frequency. Mot infrequently the trigem- 
inus is the only nerve that is impaired. The facial paresis seems to be charac- 
teristic, as it involves only one side of the face, while in progressive bulbar paral- 
ysis it is usually bilateral. Hut the greatest degree of diagnostic significance 
in this disease Appertains to the paresis of the sympathetic on one side, which 
occurs in a fourth of the cases. The occurrence of a reflex immobility of the 
pupil must be ascribed to a complication with tahes, or with progressive paraly- 
sis. One point is of diagnostic valuer the pathological changes in the optic 
nerve met with in tabes and multiple sclerosis are ordinarily absent in syringo- 
myelia. 

Another diffuse disease of the spinal cord is myelitis, in which we find a 
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one ocular symptom that is of diagnostic importance : optic neuritis, the char- 
acteristic symptom of which is that the vision is suddenly impaired and falls 
rapidly to blindness, which may last a long time and then the vision may improve. 
This is often the case when only an amblyopia has been produced. Another 
characteristic symptom is that severe pains are felt in the orbits and brows 
during the development of the visual disturbance. Pain is caused by the move- 
ments of the eyes, and becomes still more distinct when the attempt is made to 
press the eyeball back into the orbit. The course is often such that the disease 
of the spinal cord follows very soon after the visual disturbance. The path- 
ological basis of the disease in the optic nerve is analogous to the changes in the 
spinal cord, a parenchymatous degeneration of the nerve fibres, associated with 
interstitial changes of an inflammatory nature. It is generally thought that 
the interstitial inflammation is primary ,♦ and that the degeneration and red 
softening of the substance of the nerve is secondary. Aside from the optic 
neuritis the ocular symptoms of myelitis are uncertain and not according to 
rule. During the amaurosis the pupils do not react, but a reflex immobility 
is not peculiar to this disease. Pareses of the ocular muscles are rarely met 
with. 

170» The Ocular Symptoms and Their Signification in the Differen- 
tial Diagnosis of Sinus Thrombosis 

Pathological changes in the fundus are to be found in almost two thirds of 
the cases of otitic sinus thrombosis. First in rank comes choked disc, which 
is almost always bilateral. It may appear on the same side as the diseased ear, 
but this is unusual. The visual trouble may be very slight in spite of the great 
swelling of the .disc, and therefore its absence must not lead us to omit the 
examination of the interior of the eye. 

The signification of choked disc in purulent disease of the middle ear is 
that it almost always indicates an intracranial complication, and is therefore 
a valuable guide to a timely operative intervention. A papillitis may occur in 
an uncomplicated otitis media, according to my observation, but this certainly 
happens very rarely. After the operation the papillitis frequently undergoes 
rapid involution, but the experience of otologists shows that it occasionally in- 
creases without making the prognosis any worse. 

An optic neuritis in which the circumscribed swelling of the head of the 
nerve is not marked is met with in otitic sinus thrombosis just as often as, and 
perhaps rather more frequently than this peculiar choked disc, and has the 
same diagnostic significance. According to the experience of otologists it 
indicates the presence of meningitis, abscess of the brain, or extradural ab- 
scess. We may say that choked disc and optic neuritis are to be found in 50% 
of the cases of this disease. More rarely the change is confined to a simple 
hyperemia of the fundus. An atrophy of the nerve in consequence of sinus 
thrombosis is very uncommon. 

Other ocular symptoms are met with, but they are of slight importance in 
comparison with the changes in the papilla. An exophthalmos occasionally is 
J>resent, and indicates that the cavernous sinus is involved, but this condition 
Is much more infrequent in otitic than in purely septic sinus thromboses. 
I^areses of the ocular muscles, especially of the oculomotorius and abducens, 
likewise occur when the cavernous sinus is involved. A conjugate deviation is 
**are. The nystagmus that is sometimes to be observed is said by Jornscn to 
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be due to an affection of the labyrinth. It must be remembered that our dii 
nostic skill in this regard lias its limits, A change in the fundus is to be fom 
in only about one half of the cases of otitic sinus thrombosis, so the absence 
of these signs in any given case does not justify the conclusion that such e 
aural disease may thereby be excluded. The careful physician is able to recoj 
DIM this condition without the aid of these symptoms. 

Two other forms of sinus thrombosis, besides the otitic, are met with 
practice, although they are less common, and it may be said that two thirds 
of all cases of this disease originate from diseases of the ear. First of these 
two forms is the marantic sirrus thrombosis, which comes on after seriously 
debilitating diseases and is situated, as a rule, in the longitudinal sinus. The 
changes in the fundus of the eye, optic neuritis, choked disc and amaurosis, are 
much liss common in this than in the otitic form. Troubles in the movements 
of the eyes are more frequent, especially the pareses of the associated muscles 
in the form of conjugate deviation. This symptom is due to the fact that the 
veins of the cerebral cortex which empty into the thrombosed longitudinal sinus 
are no longer able to dispose of the blood they contain, and little hemorrhages 
result which irritate the cortex. The spasmodic movements of the eyes, which 
are observed in these cases of thrombosis of the longitudinal sinus, must be 
looked upon as signs of such irritation. Exophthalmos is just as. rare in 
primary marantic as it is in otitic sinus thrombosis, as is naturally to be ex- 
pected, for exophthalmos can be produced in thrombosis only by an affection of 
the cavernous sinus. 

The conditions arc quite different in the septic forms of sinus thrombosis 
that develop after erysipelas, or after diseases of the frontal and sphenoidal 
sinuses. The cavernous is the sinus most apt to be affected in this form and so 
exophthalmos is the most common symptom, and is present in almost three 
fourths of all the cases. It is of practical importance to know that when the 
exophthalmos follows the grave cerebral symptoms the septic thrombosis has 
passed by way of the transverse sinus to the orbital veins, while if the orbital 
symptoms precede the cerebral the thrombophlebitis has extended from the 
orbit toward the cavernous sinus. We must notice particularly in such eases 
whether the thrombosis of the cavernous sinus came from the sphenoidal lti\ it v. 
when the symptoms are often bilateral. It has already been shown that the 
optic nerve may suffer in empyema, of the sphenoidal sinuses, even without sinus 
thrombosis. Choked disc, neuritis and atrophy of the optic none are also 
more common in this than in the marantic form of thrombosis. They are due 
not only to the protrusion of the eyeball, but also to the fact that nerve trunks 
lying in its vicinity may easily be injured by an affection of the cavernous 
sinus. Conjugate deviations on the other hand are much less common in septic 
than in marantic thrombosis of the cerebral sinuses. 
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XVI 

Diseases of the Chorioid 



171. The Course of Examination in a Case of Chorioiditis 

We find in the eye of this patient a number of roundish white spots, with 
more or less dense masses of black pigment. at their margins, scattered over 
the fundus. These have been caused by a disease of the chorioid. The principal 
types of disease met with in the chorioid are inflammations and tumors, the 
latter of which is readily excluded in such a case as this. 

Normal Anatomy of the Chorioid. — The chorioid is composed mainly of 
blood vessels, as is implied by its name, which furnish nutriment to the outer 
layers of the retina and conduct outward the blood from the iris, the ciliary 
processes, and a portion of that from the ciliary body. Its principal veins are 
the venae, vorticosae, the importance of which in the change of fluid in the eye 
has already been discussed under glaucoma. The layers of the chorioid from 
before backward are: 1, the pigment epithelium; 2, the lamina elastica; 8, the 
choriocapillaris, or layer of capillaries ; 4, the subcapillary fibrillar ; 5, the layer 
of vessels ; 6, the lamina suprachorioidea. The first four of these layers may 
be taken to form a single unit of which the most important constituent is the 
choriocapillaris, that consists of an extremely dense system of capillaries. In 
the fifth layer we find small, medium sized and large vessels. The lamina supra- 
chorioidea attaches the chorioid proper to the sclera. Chromatophore cells 
permeate all the vascular layers and are to be found even in the lamina supra- 
chorioidea. They may be packed densely into the spaces between the vessels, 
the so called intervascular spaces, and are absent in the layer of capillaries 
alone. 

An inflammation of the chorioid may follow an injury, or it may originate 
spontaneously, by way of the blood. In the latter case it will belong to one 
of two groups: 1, it may be an adjunct to an iritis or iridocyclitis, when it is 
called an iridochorioiditis or a uveitis; 2, it may be confined to the chorioid 
alone. The latter group may be divided for diagnostic or etiologic reasons 
into the nonpurulent form, also known as chorioiditis serosa et fibrinosa, and 
the purulent, which is also called metastatic ophthalmia. Hence, for practical 
purposes, we divide chorioiditis schematically into 1, Chorioiditis due to in- 
juries; 2, Spontaneous hematogenous chorioiditis, which is subdivided into 
chorioiditis associated with iritis, iridochorioiditis, and purulent, metastatic 
chorioiditis, or metastatic ophthalmia; 8, Serous or fibrinous inflammation 
confined to the chorioid. 

Inflammations of the chorioid alone are not accompanied by pain, because 
that tissue has no sensory nerves. The patients complain of seeing sparks and 
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flashes, a subjective sensation we call photopsia, or of metamorphopsia, when 
the region of the macula is involved, which shows that a chorioiditis is not con- 
fined absolutely to that one membrane, but is very apt to affect the elements 
of the retina which are sensitive to light, so that straight lines look to the 
patient as though they were bent or kinked. Micropsia also may be present. 
All of these symptoms depend on a displacement or distortion of the rods and 
cones. Many of the patients complain of a constant flickering before their 
eyes. 

The vision is impaired whenever the region of the macula is involved and a 
central scotoma is present, but otherwise the patients rarely notice the losses in 
the field of vision caused by the individual foci of inflammation. Such scoto- 
mata can be detected only by a very careful examination. A ring scotoma may 
be observed when the chorioiditis is situated chiefly in the region of the equator. 
This is particularly characteristic of syphilitic chorioiditis, in which the zone 
of disease lies chiefly in the region of the vasa vorticosa. 

1. Iridochorioiditis, or Uveitis 

An iridochorioiditis or uveitis is an iritis or iridocyclitis in which the in* 
volvement of the chorioid becomes a prominent feature through the presence 
of considerable exudates in the vitreous, and often through a marked increase 
of the intraocular tension. In the latter case we speak of an iritis or irido- 
cyclitis serosa. This increase of tension in iritis serosa may be the result of 
an increased secretion of fluid when an inflammatory oedema is present in the 
ciliary body. In other cases, such as those of exclusion of the pupil, there may 
be an obstruction to the escape of fluid from the eye. 

2. Metastatic Ophthalmia, or Chorioiditis Purulenta 

In this disease pus agents, brought by the blood current, settle and multiply 
in the vessels of the chorioid. Its onset is characterized by signs of a severe 
intraocular inflammation and a marked injection of the eyeball. The foci of 
pus in the chorioid cause large opacities in the vitreous, so that it is very diffi- 
cult to see into the eye. As the pus spreads into the retina either by exten- 
sion or bv metastasis we can verv stum see it as a vellow mass in the vitreous. 
The further course of the disease depends on the kind and virulence of the 
microorganisms that have been implanted within the eye. 

If suppuration goes on panophthalmitis develops. The yellow reflex from 
the \itrvous steadily grows larger, the inflammation spreads from the chorioid 
and rvtiua, synechia* appear on the iris and a hypopyon is formed in the 
anterior chamber. The inflammatory oxlema created by the intraocular sup- 
puration causes the eyeball to protrude; chemosis of the bulbar conjunctiva 
and exophthalmos develop. If the eyeball is not exenterated it* contents will 
break down into pus and then it will atrophy rapidly. 

The el iti teal cvur*e i< different when the metastatic ophthalmia is not so 
malignant. The abscess in the \itreous remains stationary, the pus agents die 
and the entire purulent exudate becomes gradually organized by means of 
granulation ti»uc which eome> chiefly from the vessels of the chorioid. The 
retina % .n then d r:\cn forward, and a vvllowisV. tissue, cwered bv vessels of the 
ret ma and trawrsed b\ others that are neoplastic, is formed in the vitreous. 
This is known clinically as a _r*4**,:\yri^*i,:. The differentiation of such a 
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pseudoglioma from a glioma may be difficult in children. Ossification may take 
place within the masses of connective issue in such atrophic eyes. 

Metastatic ophthalmia occurs in puerperal fever as well as after various 
infectious diseases, such as influenza, measles, diphtheria, pneumonia and menin- 
gitis. It may affect either one or both eyes. An ulcerative endocarditis is 
present in more than a third of the cases and the prognostic signification of a 
double metastatic ophthalmia is very serious. In puerperal fever it indicates 
almost with certainty a fatal result. The prognosis is not quite so bad when 
the metastasis in both eyes follows pneumonia or meningitis, and is not so 
serious in the puerperium when only one eye is affected. Unilateral metastatic 
ophthalmia often accompanies the milder forms of pyaemia. 

3. Chorioiditis Serosa et Fibrinosa 

This form is characterized by the presence of foci of inflammation scat- 
tered about in the fundus. The changes thus produced must first be studied 
with the ophthalmoscope, but it is only in rare cases that this examination 
alone is able to put us on the track of the etiology. The cause can be learned 
only from a general examination of the body in many cases. 

We learn what form of chorioiditis is present by means of the ophthal- 
moscopic examination. We speak of chorioiditis disseminata when the foci are 
scattered irregularly over the entire fundus in the form of roundish or oval 
patches, which usually are smaller than the papilla. These patches are some- 
times quite white, sometimes yellowish, sometimes reddish yellow. Little heaps 
of pigment are to be seen on the margins of and within the whitish spots. Fre- 
quently traces of the chorioidal vessels can be seen in them, over which the 
retinal vessels course, and the patches may be confluent in some places. 

When the foci are arranged in groups we call the condition chorioiditis 
areolaris. When the region of the macula is the only or the principal part 
involved we have a chorioiditis centralis. This latter form is met with chiefly 
in myopia. It presents a large, white patch of atrophy bordered by pigment, 
or containing little heaps of pigment between which traces of the chorioidal 
vessels may be seen. When the focus is small, peculiar reticulated lines may 
often be seen extending out from it ; these have been called cracks in the 
chorioid, and are considered as due to stretching in high myopia. 

When the changes in the chorioid are confined chiefly to the vicinity of the 
papilla they are called circumpapillary. Among these may be grouped the 
senile atrophy of the chorioid 9 the halo glaucomatosus, and the changes tha' 
take place about the papilla in myopia. 

Whatever may be the clinical designations of these forms there is a certain 
cycle of pathological changes in most of the varieties of chorioiditis. In the 
early stage the tissue of the chorioid at the focus of inflammation is per- 
meated with lymph cells, while the retina over it is rendered cloudy at the same 
time. In the later stages the choriocapillaris, the pigment epithelium, and the 
layer <5f rods and cones of the retina are destroyed, while adhesions form be- 
tween the two membranes. 

We can determine with the ophthalmoscope whether the inflammation in the 
chorioid is old or not. As long as it is fresh the patches have a reddish or 
reddish yellow color. The infiltrations are prominent in consequence of the 
thickening of the chorioid, and elevate the retina a little over the diseased area. 
This we recognize mainly from the slightly arched course of the retinal vessels. 
The margins of the fresh focus of inflammation are also rather indistinct. When 
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the inflammation has lasted a long time and has undergone involution 
atrophy of the ehorioid is left at the place where it formerly existed. We a 
obliged to draw our conclusions in very many cases from these atrophic placet 
Tin latter differ greatly in size and form; they may be roundish, oblong, pet 
tmate, leaf shaped, and often are quite irregular. A proliferation of pigmen 
takes place at the same time with the atrophy. 

Wherever the choriocapillaris is destroyed the uniform red color that i 
imparts to the fundus is lost, and the large vessels of the ehorioid with th 
intervascular spaces between them can then be recognized distinctly. Whei 
ever in addition to the choriocapillaris the pigment epithelium has been di 
stroyed, the fundus loses the delicate granular appearance which it causes, a 
we'll as its normal color. When the degeneration has seized upon the large 
vessels eif the ehorioid, and when these have been rendered visible by the atrophy 
of the choriocapillaris and of the pigment epithelium, they look ye'Ilowish o 
white, and their obliteration may be recognized from the fact that they i 
longer contain columns of blood, or if, in spite of their thickened walls, the; 
still contain some blood, the columns appear to be very slender. When tin-, 
vessels are atrophic over large areas, we find a network of white or vellowisl 
bands, hut they may be so very atrophic as to be visible only as faint shadoi 
and impressions- Wherever the ehorioid is wholly atrophic the white scleri 
shines through it. When the patches are large a yellowish red, or a dirt} 
yellow color may adjoin the white. 

These pictures are complicated by the pigmentation ami the involvement o 
the retina. An abnormal pigmentation in the form of black spots takes place 
wherever there is a disturbance in the circulation of the choriocapillaris and the 
pigment epithelium is injured. This is to be seen particularly on the margins o 
the atrophic places in the ehorioid, where it indicates the line of demarcation 
between the dead and the normal pigment epithelium. A' rurckmann has desig- 
nated this black edge of demarcation as the connecting zone between the epithe- 
lium and the glia. 

The retina also takes part in the pigmentation. When its outer layers 
suffer in a chorioiditis, a proliferation of Mueller's supporting cells readily 
takes place; processes of these glia cells of the retina then unite with the reed- 
like processes of the pigment epithelium, and granules of coloring matter c 
carried from the latter along the track thus formed. These glia cells, whicl 
have now become pigmented, proliferate, especially about the vessels. This i 
the reason why the abnormal pigmentation of the retina is found chiefly f 
this situation. Elsewhere we meet with large, round, uniformly black spot* 
In this case also we must imagine that a great proliferation of pigment i ' 
thclial cells takes place in consequence of the connection between the supportin 
tissue and the pigment epithelium. If the choriocapillaris has been destroyed 
in the black places the atrophy of the ehorioid is covered only by the 
liferation of the connective tissue and the pigmentation. 

When the changes in the ehorioid do not come under our observation until 
they are in a late stage of atrophy we must first try to differentiate whether 
the atrophy was brought about by a chorioiditis that formerly existed, or by 
some other process, for we know that degenerative diseases of the vessels c 
produce ophthalmoscopic pictures that are quite similar, such as are seen i 
arteriosclerosis and myopia, in which large portions of the capillary ai 
readily destroyed. A senile change that is not infrequently met with is I 
appearance of peculiar, colloid formations on the vitreous lamella. These s 
small, yellowish and lustrous, have no pigment and cause no trouble with tin 
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vision; characteristics which differentiate them from inflammations of the 
chorioid. 

Although various etiological factors may cause or leave behind more or 
less similar changes in the fundus as the result of inflammation of the. chorioid, 
yet we must try to recognize the cause directly from the ophthalmoscopic 
picture. This is possible in certain cases. Thus the chorioretinitis of con- 
genital syphilis is often so* characteristic that we can recognize the genesis at 
once. There is a diffuse atrophy of the pigment epithelium together with an 
alternation of minute spots of pigment with little white patches. In most cases, 
however, the general examination of the body is necessary to enable us to learn 
the probable etiology, and it must be admitted that in many cases the cause 
cannot be ascertained. Beyond doubt chorioiditis occurs in the course of all 
possible infectious diseases. The researches of v. Michel and of Stock render 
it probable that tuberculosis is more often the cause than was formerly sup- 
posed. Syphilis must not be forgotten. We meet with chorioiditis in women 
in the course of the climacteric and in abnormalities of menstruation. When the 
clinical examination of the body furnishes no satisfactory data we may have 
recourse to the aid of biological methods, such as the tuberculin test, or Was- 
sermann's reaction. 

The course of an inflammation of the chorioid is generally very chronic. 
Specific treatment may be successful, when syphilis is certainly present. In 
other cases we can only advise the best possible care of the eyes, prescribe 
potassium iodide and give subconjunctival injections of salt solution. Fre- 
quently the patients do not consult us until the chorioiditis has completely run 
its course. 



172. Sarcoma of the Chorioid 

This aged patient has noticed for some time that something was the matter 
with her left eye. Her vision has seemed a little cloudy at various times, sepa- 
rated by long intervals, but of late it has been decidedly impaired. Still her 
central vision is nearly half of the normal. 

Although her eye appears to be perfectly normal externally, a roundish 
spot can be seen by means of the ophthalmoscope in the fundus near the macula, 
which appears in the inverted image to be three or four times as large as the 
papilla, and is of a grayish blue color. By the direct method it can be readily 
seen to rise above the level of the surrounding fundus, and we also see that the 
vessels of the retina make a steep ascent in order to pass over it. Such a con- 
dition suggests at once a tumor of the chorioid. Its color is somewhat different 
in the upright image ; the yellowish red or brown surface of the growth may be 
seen through the retina and the peculiar network of vessels which lies upon it 
can be distinctly differentiated from the retinal vessels that pass over it. 

A tumor of the chorioid is almost always a sarcoma. It is very seldom that 
any other form is met with in practice. Angiomata and gummata of the 
chorioid are among the greatest of rarities, and the etiology is indicated in 
such cases by the presence of other symptoms. It happens occasionally that 
a metastatic carcinoma develops in the chorioid; in these cases the primary 
growth is usually situated in the breast, it is found less often in the internal 
organs. Both eyes are affected in a comparatively large percentage of cases, 
sometimes one eye after the other. These metastatic carcinomas of the chorioid 
form characteristic flat, scalelike tumors at the posterior pole of the eye and 
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cause severe hemorrhage*. It has been observed by Uhthoff and by Oeller 
a detachment of the retina caused by the development of a carcinoma may 
come reattached. As regards other intraocular growths sarcoma 
differentiated from thern, as a rule. Glioma is a disease of early childln 
while sarcoma is met with in the advanced years of life. The picture present" 
by the amaurosis of glaucoma is not the same. It is only when we meet with 
solitary tubercle of the chorioid that the differentiation may be difficult ; v 
should notice in the early stage whether any small tubercles can be seen in 
addition to the large one. 

A sarcoma of the chorioid cannot always be recognized as clearly and dis- 
tinctly with the ophthalmoscope as in this case, because it is seldom that 
patients come to us in the initial stages of the disease. I recall a woman who 
had a sarcoma of the chorioid that sprang from the ciliary body, had grown 
through the periphery of the iris into the anterior chamber and had caused an 
iridodialysis. Still her vision was good and she could not believe that she haT 
such a malignant tumor in her eye, or consent to have the eye enucleated unti 
the diagnosis had been confirmed by v. Michel, 

Sarcoma of the uvea is a rare disease, one case of which is met with in 
about two thousand patients with diseases of the eye. It may occur at all 
ages of life, but is usually found in people of advanced years, between the ages 
of 40 and 60. It may start from the iris, the ciliary body, or the chorioid, 
least often from the iris, where it is most easily to be recognized, as the yellowish 
brownish nodules in the iris are likely to attract the attention of the patients. 
Sarcoma of the iris is apt to start from nwvi or melanomata, and its growth is 
unirritating for a long time, as a rule. It becomes annoying only when it h, 
caused the occlusion of the sinus of the anterior chamber and an increase < 
tension, or when the loss of vision calls attention to the fact that the growth 
has invaded the region of the pupij. A sarcoma of the iris may spread to tl 
ciliary body, press the iris to one side, or extend by way of Schlemm's can 
to the surface of the eye. 

When the sarcoma starts from the ciliary hotly the troubles of the patient 
are very slight at first, because it does not cause a detachment of the retina 
until late in its course. This form is also to be recognized easily. If the tumor 
grows forward it presses between the sclera and the insertion of the iris until 
a dark protrusion appears in the anterior chamber. Its rupture through the 
iris may cause an iridodialysis. If the tumor grows rather toward the vitrcou-* 
the dark protrusion can be made visible by transillumination, while by focal 
illumination the swelling looks yellowish, brownish, or blackish. The diagnosis 
is difficult only when the lens has been injured by the pressure of the tumor. 

Sarcoma of the uvea starts from the chorioid in about 85' - of tin coses, 
and different stages of the disease are met with which present difficulties in the 
differential diagnosis. These stages are: 1. that of development without irri- 
tation ; 2, that of secondary glaucoma : 3, that of the formation of ext rabulbar 
tumors; 4, that of the formation of metastases. 

During the first stage the growth of a sarcoma of the chorioid is absolutely 
without irritation, and the attention of the patient is drawn to it first by the 
visual trouble, which varies according to the site of the tumor and the injurv 
inflictcd by the latter on the retina. If the sarcoma is situated in the region of 
the macula a central scotoma may be present, or subjective sensations of light 
may occur, which are due to the stretching and irritation of the retina. A 
detachment of the retina must be expected to ensue, and this may come on 
suddenly or gradually. There are no fixed relations between the size of the 
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tumor and that of the detachment; a very large detachment may be caused 
by a very small tumor. The explanation of the way in which this detachment 
of the retina takes place is that the tumor excites an extensive serous exudation 
between the retina and chorioid, but a sudden detachment may be caused by a 
hemorrhage from the vessels of the chorioid, or of the tumor. In many cases 
the onset of this detachment of the retina is the first sign we obtain that a sar- 
coma of the chorioid is present, and then the important question arises how to 
differentiate a detachment caused 
by an intraocular sarcoma from 
the ordinary form. 

In the first place, the retina 
is so transparent in most cases 
of serous detachment that the 
red fundus can still be seen. 

Secondly, the serous detach- 
ment is usually of a grayish 
white or greenish color, espe- 
cially when the effusion contains 
some red coloring matter. 

Thirdly, we see in a serous 
detachment the well known folds 
of the retina, and usually this 
membrane can be observed to 
float back and forth with the 
movements of the eye. 

The form of detachment 
caused by sarcoma is charac- 
teristic in many cases. It rises 
sharply as a gibbous protru- 
sion from its environment, ex- 
hibits no folds, the retina is 
tense to a certain degree, and 
the brown tumor, or its vessels, 
may still be seen even when the 
retina is rather opaque. If the 
tumor reaches far into the vitre- 
ous the details of its surface 
may be studied very well with 
the ophthalmoscope, But the 
effusion mav be so extensive 
that all of these points of dif- 
ferentiation are more or less 
obliterated, and then the diag- 
nosis becomes difficult. When 
the detachment is total the retina may be pressed so far forward that 
it is no longer possible to see into the eye. We have then two diag- 
nostic methods at our disposal. We can test the intraocular tension, which is 
usually lowered in a simple detachment, while with a growing sarcoma there 
soon comes a time when the tension of the eye is increased, and we can employ 
transillumination. 

For the latter purpose we use the lamp devised by Sachs, in which the light 
ntrated very strongly by being made to pass through a conically 




Fig. 131.— Sack's Trans illuminator. 
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«nw is applied to t lit-- sclera and moved about from place to place. Undi 

annual conditions so much light passes through the capsule of the eyeball t 
tin- pupil n|i|niirs red and shining. This illumination of the pupil is 
impaired by .■in extensive serous effusion between the retina and chorioid. but 
if a dense tumor lieJ on the inner surface of the sclera the light is obstructed 
:•! I In- | tii i nl iind the pupil is darkened. This method is excellent, but naturally 
has its limits, for a thick layer of blood is able to suppress or decrease th 

light. 

Tin' -iiilv question tlint could be raised in a case of detachment of the retin 
in which the symptoms arouse the suspicion that a tumor is present is whethi 
the detachment might not be of the chorioid, which likewise causes a dark browi 
gibbous protrusion into the interior of the eye covered by the closely adheres 
lit urn. The resemblance to a tumor is great, especially when there is no 6oat 
ing back and forth of the retina, but a detachment of the chorioid is met wit 
in practice only after the extraction of cataract, except as a result of grav 
injuries to the eye and severe hemorrhages from the chorioidal vessels. II. 
side-, th.- intraocular tension is reduced when this detachment takes place, s 
that the differentiation is not difficult. I need hardly say that a prolapse < 
the iiis must not be mistaken for a sarcoma of the chorioid. Finally, after t) 
ivi has bees rendered blind by the total detachment of the retina and the let 
bat been made opaque by the nutritive disturbance in the vitreous, the dia;, 
nosis of hii intraocular sarcoma is difficult and we have to rely on the que: 
tittl whether .toy symptoms have Wen produced that are to be ascribed to th 
advancing growth of the tumor. 

A growing tumor must eventually cause an increase of the intraocular ter 
sion, and then the disease enters the stage of secondary glaucoma. Pain set 
in and 'he eve la-comes Hind, if it is not so already. The increase of tension i 
ennaod by the growth of the tumor, the augmentation of the serous exudatioi 
within the eye and the obstruction of the outlets for the intraocular fluid. Th 
D«a th. appearance characteristic of glaucoma; the cornea become 
dull and loses its scnsiliditv, Mr' iris and lens are driven forward, the anterio 
chamber is made shallow, the periphery of the iris is pressed into the ram 
the anterior eliamU-r, the pupil is dilated and is no longer capable of reaction 
As long as the bus is transparent it gives the well known greenish gray reflex 
from the pupil. The form of the lens may be changed, or it may be presses 
In the growing tumor, and its posterior capsule may be ruptured. 

Such a case may appear to lie one of primary glaucoma, so we have to 
consider when the presence of an intraocular sarcoma is to be suspected and 
how the diagnosis is to be made. Patients with primary inflammatory glau- 
coma tell us, as a rule, that the % ision ass injured little if any up to the time 
of the first attack, while in sarcoma of the chorioid the vision has usually been 
greatly impaired or totally lost by the detachment of the retina before this 

again, in primary glaucoma the vision improves after the subsider 
of the attack, while in sarcoma tin loss of lisiiii steadily grows worse, 
refractive media are still clear no detachment of the retina is to be i 
primary glaucoma, while it is the most striking symptom in sarcoma. E« 
when an accurate examination is no longer possible the reflex obtained ( 
retina detached by a sarcoma is grayer than that we are accustomed to s 
glaucoma, and mom help may be obtained from transillumination. In a case c 
primary glaucoma tlie other eye i-s apt to reveal a certain predisposition to t 
disease, while this is not true in sarcoma. 
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The second stage of an intraocular sarcoma may present instead of the 
symptoms of glaucoma,' those of an iridocyclitis associated with an increase of 
tension. Then we find deposits on DescemeVs membrane, a cloudy aqueous, 
and posterior synechia?, which may lead to an exclusion of the pupil. The 
presence of a tumor may be betrayed by an ectatic condition of the sclera 
about the cornea, or at the equator, and the growth may finally break through 
the membrane. Or the course of the disease may be quite different; the eye 
may become phthisical after it has been blinded by a plastic iridocyclitis and 
cataract. In such a case the tumor may become wholly or in great part 
necrotic, and its growth may be suspended for a long time. We have to suppose 
that metabolic products are set free by the necrosis of the breaking down 
tumor and that these cause the iridocyclitis and atrophy. In such a case the 
tumor is the actuating cause of the phthisis bulbi. 

Cases have been met with in which a sarcoma has developed in an eye that 
had long before been rendered phthisical from some other cause. Such a con- 
dition must be thought of when an atrophic eye is subject to occasional attacks 
of pain.- , 

When sarcoma has been the cause of a phthisis bulbi the vision will have 
been completely lost at a 'time when a more or less useful degree would be 
present in a primary iridocyclitis. Phthisical eyes that contain sarcomata 
often have a peculiar form, to which v. Graefe called attention. The sagittal 
axis is shortened more than the diameter at the equator, so that much of the 
phthisical globe is to be seen in the opened palpebral fissure, and the furrows 
made by the recti lie more on its anterior surface. Such eyes are not as sen- 
sitive to pressure as those in which the phthisis was occasioned by a cyclitis. 
These are the essential symptoms by means of which the diagnosis of an intra- 
ocular sarcoma may be made during its first two stages, those in which its 
recognition is attended by the greatest difficulty. 

When the development of the tumor has progressed until it has broken 
through the sclera the diagnosis is easy. If the sclera is perforated in the 
anterior segment of the eye dark protrusions, or black points, appear in the 
vicinity of the cornea. These are apt to be along the veins, for the tumor is 
likely to take advantage of the places of exit of the nerves and vessels. These 
extrabulbar nodes overlay the cornea, cover it, proliferate with extraordinary 
rapidity and break down into necroses and foul pus. The perforation of the 
tumor through the sclera at the posterior pole of the eye is not recognized so 
readily; in phthisical eyes particularly a long time may elapse before the ex- 
ophthalmos becomes distinct. The optic nerve itself may be involved in various 
ways. An episcleral node may surround and infiltrate it, or the tumor may 
pass from the papilla into the nerve, or it may proliferate into the interme- 
diate vaginal space. When once the tumor has reached the open orbit the 
condition is betrayed at once by the exophthalmos. The proliferation invades 
the neighboring sinuses, such as the frontal sinus and the antrum of Highmore, 
or passes into the cranial cavity through the superior or inferior orbital fissure, 
or the optic foramen, where it causes such cerebral symptoms as pareses, con- 
vulsions and loss of consciousness. The chiasm and the optic tract on the 
diseased side are the first to be involved. If a patient is seen for the first 
time when a retrobulbar tumor has already caused an exophthalmos the differ- 
entiation must be made whether the growth is a primary one of the orbit, or 
one coming from the interior of the eye. This is easy, because the eyeball 
remains intact for a great while when the tumor is one of the orbit. The 
differentiation is difficult only in a case of phthisis bulbi. 
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The fourth stage of 
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of the ehorioid, that of the formation c 
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ings. 



The prognosis is always very grave. We never know with certainty 
whether the tumor ceils have been carried already into the internal organs or 
not. Metastases have been known to appear even years after an early enuclea- 
tion. On the other hand some patients are permanently cured by the opera- 
tion. The figures given vary, but the permanent cures may be estimated i 
between 25 and 40%. I am acquainted with a colleague whose eye was c 
chafed for this reason more than ten years ago. The earlier a sarcoma i 
recognized the better is the prognosis, so far as life is concerned, and we i 
say that the danger is over when five years have elapsed since the enucleation < 
the eye. This operation must not be delayed even when we have to deal i 
little tumors of the iris. When the tumor has perforated the sclera the orbi 
must be exenterated. 

Some sarcomata of the ehorioid consist of round cells, some of spindle cell; 
An alveolar construction is also met with, and we also find leu cos a r com at a e 
melanosarcomata. According to the researches of Schieck each tumor is t 
first an unpigmented round celled sarcoma and later becomes a pigment cc 
spindle celled, pure melanosarcoma. The finding of independent unpigmented 
sarcomata in the ehorioid has been confirmed by others. The greater part of 
the pigment in a melanosarcoma is in the pigment cells, but another variety 
may be found to which Vossius and others have ascribed a hematogenous 
origin. The starting point of a sarcoma of the ehorioid is in the middle and 
deeper layers of the vessels, but the true nature of its development is still 
unknown, as is the case with many other tumors. Sometimes traumatism r 
be the exciting factor, but we must be very careful in passing judgment to t 
effect. 



XVII 
Diseases of the Optic Nerve 



173. Neuritis Optica and Its Etiology 

This middle aged man complains that he has not been able to see well for 
some time past, and we find on examination a serious lesion in the head of the 
optic nerve in each eye. The papilla of his right eye is much reddened, its 
margin is so indistinct that it cannot be distinguished from the rest of the 
fundus, and its exact boundaries cannot be defined. A gcay, striated opacity 
extends from the surface of the papilla quite a distance into the retina. An- 
other characteristic of optic neuritis is to be found in the vessels ; the arteries 
seem- tq be normal, but the veins of the retina are engorged and tortuous. 
Little streaks of blood can be seen lying near the vessels in some places. 

In the other eye we find the disease in a more advanced stage. Signs of 
atrophy can be detected after an optic neuritis has lasted for some time, and 
this neuritic atrophy is to be differentiated from the simple, genuine atrophy 
of the optic nerve chiefly by the facts that the papilla looks gray rather than 
white, that its substance is cloudy and its margins indistinct, and that the veins 
are still tortuous, although the arteries frequently appear as white lines. 

No conclusions as to the degree of vision present can be drawn from the 
ophthalmoscopic picture alone. The whitish gray color that follows an optic 
neuritis need not be caused by a total atrophy of the optic nerve fibres; the 
discoloration may be due to an abnormal proliferation of connective tissue. 
The test of the vision, of the visual field and of the color sense alone can give 
us positive information in regard to this matter. This is true of quite a num- 
ber of diseases of the fundus. No matter whether such a case is seen at the 
beginning, as a fresh optic neuritis, or later, when the neuritis has resulted in 
atrophy, the ophthalmoscopic examination solves only one problem: the oph- 
thalmoscopic diagnosis of an optic neuritis, or of a neuritic atrophy, is only 
one step toward the clearing up of the etiology of the disease from which the 
patient is suffering, and this it is our duty to investigate. In order to do so 
we must be certain of the fact that we have to deal with an inflammation of the 
optic nerve and then we must learn its cause by means of a differential diag- 
nosis. 

L Anatomical Comparison between a Normal and an Inflamed Optic Nerve 

I have to proceed on the supposition that the ophthalmoscopic picture 
presented by the normal optic nerve is well known. There is only one pre- 
liminary question to be settled when we see an optic nerve that presents an 
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appearance which excites our suspicion of a neuritis. This is whether it may 
not Ih» a so called pseudoneuritis. The margins of the papilla may appear to 
he indistinct and the head of the optic nerve may look reddened in hyperme- 
tropia and astigmatism. If at the same time the veins are rather tortuous a 
neuritis is suggested at once, but there is no opacity of the tissue of the papilla 
and the correct diagnosis can be made by a careful test of the functions of the 
eye and by observation. When one is in actual doubt as to the presence of an 
inflammation i:i the optic nerve he should look into a normal eye with the 
ophthalmoscope in order to make a comparison, 



Anatomy of the Normal Optic Nerve 

The optic nerve is composed of a trunk and three sheaths, which are direct 
prolongations of the three membranes of the brain and are accordingly known 
<;s the dural, the arachnoidal and the pial sheaths. The firm, tendinous dural 
.sheath joins the optic nerve before its passage through the foramen opticum, 
in which it forms the periosteum, and loosely surrounds the nerve from that 
point on. The arachnoidal, a delicate membrane, " 
the dural sheath, while the pial sheath is closely 
space between the dural and pial sheaths is know 
and is a lymph cavity which communicates with the 
It ends in a cul de sac at the sclera and mav be d 
.subarachnoid space which are imperfectly separat 
It contains septa that arise from the pial sheath, 
with few elongated cell nuclei, and contain vessel 
of the optic nerve, which supply the retina, and si 
nerve itself. Within the septa lie the bundles o 
roglia. The individual nerve bundles consist in ti 
cylinders surrounded bv delicate sheaths. It m 
sections stained bv HYi\/t*r/ that the medullary 
fibres, which are stained black, end at the Ian 
eve the optic nerve fibres have no medulla under no 
fibres lose the sheath of Schwann the enveloping d« 
medulla. Some of the nerve fibres are thinner, sod 
a iv those employed in vi>ion, the thicker ones appei 

After passing through the lamina cribrosa th« 
form of a funnel, the bright centre of which in th 
the so called physiological excavation. The rva 
bright is because the whitish, lustrous connective t: 
is permitted to shine through distinctly in conscqut 
the fibres. It can readily Iv imacitud that this woi 
pa p : '. [ a w c rv in r! a :r.cd . 
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INFLAMED OPTIC NERVE 



Anatomy of the Inflamed Optic Nerve 

The papilla is swollen. AJong the small blood vessels are infiltrations of 
cells which render them particularly distinct. The substance of the papilla 
is infiltrated with numerous nuclei and vessels, there is an oedema between the 
septa, and the fibres appear to be more loosely connected. The oedema and 
the great plethora of nuclei and vessels in the layer of fihres is particularly 
ticeable, and extensions of these may be seen in the granular layers »f the 
retina. At first the nerve fibres are normal, but later are destroyed by the 
products of inflammation. The medullary sheaths are lost, the axis cylinders 
lire destroyed. Hand in hand there is a proliferation of the glia, a multipli- 
cation of the cells of which can be seen in the cross sections. 

This anatomical comparison enables us to understand the clinical picture 

n*tented by an optic neuritis. The hyperemia in the optic nerve, the great 

ullness of its minute and very numerous vessels, causes the abnormal redness of 

! papilla. This appears ophthalmoseopieally in n marked case of neuritis 

3 ft dusky, partly livid tone of color. The small vessels cannot be perceived 

with the ophthalmoscope. This peculiar tone of color is not present in a 




eudoneuritis. In true neuritis a cloudiness of the tissue in the optic nerve 
id in the adjacent parts of the retina is added to the abnormal redness. This 
audmess is due partly to the hyperemia, partly to the serous infiltration. 
he individual layers, particularly that of the nerve fibres in the retina, are 
osened up, and in addition there is a more or less marked swelling of the 
tapilla. These factors, the hyperemia, cloudiness and swelling of the tissue, 
•use the margin of the head of the optic nerve to become indistinct, the lamina 
ribrosa to become invisible, and the deeper lying portions of the retinal ves- 
els to look as though they were behind a veil. The degree and extent of the 
inflammatory changes vary a great deal. When the infiltration nnd serous sat- 
uration is widespread the swelling extends into the surrounding retina and we 
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speak of a ncuroretinitis, but when the inflammation is ophthalmoscopically 
confined to the place of entrance of the optic nerve it is called a neuritis. 

Although the degree of swelling may vary considerably we make a sharp 
distinction between an optic neuritis and a true choked disc. The anatomical 
absence of signs of inflammation and the peculiar projection of the optic nerve 
like a mushroom justify the distinction between the two. 



II. Etiology of Neuritis Optica 

We must bear in mind that the optic nerve is nothing else than a protruded 
portion of the white substance of the brain, just as the retina may be con- 
sidered one of the nervous centres. The neuroglia of the brain can be traced 
far into the optic nerve. This explains why inflammation! of this nerve usually 
develop from an inflammation of the surrounding membranes, the meninges. 
Most inflammations start in the connective tissue septa and thence involve the 
trunk. An inflammation of the meninges of the brain may very readily extend 
to their immediate connections, the sheaths of the optic nerve, and so optic 
neuritis is a very common symptom of meningitis. As the causes of such a 
cerebral disease may vary a great deal, it is evident that quite a number of 
morbid processes may excite an inflammation of the optic nerve. Whatever 
may be the cause of an optic neuritis its ophthalmoscopic picture remains the 
same and does not always reveal its etiology, because the optic nerve must 
react more or less with the same anntomical changes to the greatest variety 
of infectious diseases «nd toxincs. Just as we always meet with posterior 
synechiie in an iritis, whatever its etiology may be, so we meet with redness, 
swelling and obscuration of the margins of the disc in an optic neuritis, what- 
ever may be its etiology. 

An investigation of the vicinity of the eye and of the entire organism is 
necessary in order to discover the real cause of an optic neuritis, so we need 
first to inquire in what diseases the optic nerve is involved in the form of an 
optic neuritis in order that we may be in a position to decide what funda- 
mental disease is present in any particular case. I have arranged these 
diseases systematically in the following groups: Group 1, optic neuritis caused 
by diseases in the vicinity of the eye ; a. diseases of the orbit ; b, diseases of the 
accessory sinuses. Group 2, optic neuritis from diseases of the brain and 
abnormalities of the skull. Group 3, optic neuritis from diseases of metabolism. 
Group 4, optic neuritis from poisoning. Group 5, optic neuritis from infec- 
tious diseases. 



Group 1. Neuritis Optica Due to Diseases of the Orbit and of the Accessory 
Sinuses 

Any disease of the orbit, like a cellulitis or a periostitis, which involves the 
vicinity of the opttc foramen will cause an optic neuritis of one eye, and the 
vision may be lost before the descending neuritis has become visible on the 
papilla. An optic neuritis may also be caused by an erysipelas in the vicinity 
of the eye and may result in atrophy and blindness. 

The question whether a disease of the accessory sinuses is present, espe- 
cially of the posterior ethmoidal cells or of the sphenoidal sinus, is very im- 
portant. The optic neuritis caused in this way may affect either one or both 
eyes. Frequently the trouble begins with an acute disturbance of vision, 
usually a central scotoma, after which the neuritis appears. When wc can 
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find no plausible and satisfactory explanation of an optic neuritis the acces- 
sory sinuses must be carefully examined, for in many cases immediate operative 
treatment can save a part of the vision. 

Group 2. Neuritis Optica Due to Diseases of the Brain and to Abnormalities 

of the Skull 

The etiology is easily recognized when abnormalities of the skull are pre- 
sent. Optic neuritis is met with in scaphocephalus and in oxycephalus, espe- 
cially in the form of the latter known as peaked skull (Turmschaedel), among 
which we find cases of distinct neuritis associated with atrophy, v. Michel 
found in such a case a considerable constriction of the optic foramen, which 
caused the neuritis by engorgement of the intervaginal fluid and compression 
of the optic nerve. 

Optic neuritis due to diseases of the brain is much more important. An 
involvement of the optic nerve is a very frequent and an extremely valuable 
diagnostic symptom in meningitis. Another disease of the central nervous sys- 
tem in which optic neuritis may be a valuable early symptom is multiple sclero- 
sis, and this disease must be borne in mind when no other reason for its ap- 
pearance can be detected. In many of these cases the neuritis affects one eye 
only and the visual disturbance may at first take the form of a central scotoma. 
-An early and accurate neurological examination is necessary in a case like this, 
and such an examination should be made in all cases in which the cause cannot 
otherwise be detected. 

Group 3, Neuritis Optica Due to Diseases of Metabolism 

In this connection I need only mention the occurrence of neuroretinitis 
dlbuminurica and diabetica. Optic neuritis is not very uncommon in women 
during lactation and menstrual disturbances. The true nature of these trou- 
bles has not yet been investigated. It is not yet known whether the neuritis 
*xiet with in the course of lactation is due to an autointoxication with the toxic 
products of metabolism, or whether the weakness of the general constitution 
burnishes a sufficient explanation. Intercurrent infections at these times are 
^lso to be taken into account. Fortunately this neuritis usually leads only to 
^, partial atrophy of the optic nerve, so that useful vision is preserved. The 
details of the connections between disturbances of menstruation and optic neu- 
x-itis are equally unknown, and yet sometimes we are obliged to assume such a 
connection to exist. 

Those cases in which we meet with an affection of the optic nerve after 
^reat losses of blood, e.g., after hemorrhages from the stomach, belong more 
or less in this category. Some days after such a hemorrhage the papilla ap- 
pears pale and cloudy with its margins obscured by an opacity that extends 
into the retina. The ophthalmoscopic appearance of the papilla differs from 
'that of a grave optic neuritis in the condition of the vessels, which look smaller 
^nd paler than normal. The visual disturbances appear a few days after the 
loss of blood. The final results vary. Ordinarily the ophthalmoscopic picture 
of atrophy of the optic nerve persists, but still a good part of the vision may 
l>e preserved. 

Group £. Neuritis Optica Due to Poisons 

The amblyopia caused by alcohol and tobacco needs only to be mentioned. 
-A marked optic neuritis may occur in chronic lead poisoning. Quinine is one 



714 



ETIOLOGY OF OPTIC NEURITIS 



of the drugs that may produce a high degree of amblyopia, but the ophthf 
nioseopic picture differs from that of a neuritis in that the papilla is strikingly 
pule and the vessels very small. The field of vision is contracted concentrically 
and a central scotoma is rarely present. Usually the visual disturbi 
transient. Pathological changes have been found in the ganglion colls of tl 
retina after experimental poisonings by Word Holden, and by Bireh-Hirtci 
feld. 

Group o. XeuritU Optica Due to Infectious Disease* 

There is scarcely an infectious disease in the course of which an optic 
ritis is not occasionally observed. It is met with in measles, scarlet fever, dip} 
theria, typhoid fever, influenza, whooping cough, pneumonia, acute articular 
rheumatism, and most of all in syphilis. It happens not so very seldom that 
a quite acute and very serious visual disturbance appears in one or both eyes, 
the cause of which can be recognized at the time, or a little later, to be an 
optic neuritis or a neuritie atrophy, after catching cold, or after a thorough 
drenching of the body. The basis of this trouble is rheumatic, but we are still 
completely in the dark as to the way in which it is brought about. In one such 
case I was able to find a disease of the sphenoidal sinus as the connecting link, 
but in other similar cases the accessory sinuses were healthy. 

Above all we must always determine whether the optic neuritis is nol 
syphilitic origin. Careful examination often reveals very characteristic tlii 
enings of the walls of the retinal vessels with white stria;, but in many ci 
Wassermann's reaction alone is able to guide us to a correct diagnosis, 

In certain very rare cases the optic neuritis is due to a hcrctliUirt/ taint, 
the causes of which are little known as yet. This disease usually appears quite 
suddenly in the members of the affected families as a central scotoma. Both 
eyes may be affected at the same time, or one may be attacked some time before 
the other. Its onset takes place about the age of puberty, and more than 80'a> 
of the male member-, of such families suffer. Ophthuhimscopically there is at 
first a hypenemia and -light cloudiness of the papilla which gradually grows 
pale, and, as a rule, the temporal half is paler than the nasal, a condition that 
corresponds to the nature of the visual disturbance. The peripheral vision is 
usually more or less preserved and in the cases that I have thus far seen th 
patients are able to see enough to go about alone. 

The treatment of optic neuritis is naturally to be directed toward its 
etiology. If the cause lies in the orbit, or in the accessory sinuses, these 
diseases must be treated. In other cases sweating, preparations of salicyl 
acid, potassium iodide and antisyphilitic treatment are to be employed. 
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174. Simple Atrophy of the Optic Nerve and Its Causes 
Ophthalmoscopic Picture of Genuine Simple Atrophy of the Optic Nei 

The cardinal ophthalmoscopic signs of simple atrophy of the optic mrve 
are: First, the papilla appears in the inverted image as white and shining, 
greenish white, or bluish white, with the gray stippling of the lamina cribrosa 
distinctly visible, but to make the diagnosis certain the nerve must be examined 
in the upright image, for the disc frequently appears fairly white in the in- 
verted image when it can be seen to have a reddish color in the. upright. 

Second, the margins of the optic disc are sharply defined in genuine t 
phy, a point in which it differs from neuritie atrophy. 
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Third, we find an atrophic excavation when the atrophy is complete. This 
excavation is total and extends to the margins, but it is shallow, so that the 
vessels do not appear to be sharply bent where they pass from the nerve into 
the retina, they pass over the margin of the papilla in a gentle arch. 

Microscopically the entire nerve appears to be attenuated by the atrophy, 
and when we have an opportunity to see it in a fresh condition it looks gray 
and glassy. In the cross sections the trabecule of connective tissue appear to 
be thickened and their nuclei to be increased. The nerve fibres are absent in the 
retiform spaces of the septa and in place of them we find a delicately fibrous 
tissue; the nerve fibres have degenerated into fine nonmedullated fibrils. The 
mass frequently contains drops of myelin. In a case of tabetic atrophy the 
process starts in the layers of ganglion cells and of nerve fibres of the retina 
and mounts upward along the nerve. When the changes that are demon- 
strable anatomically and visible clinically are taken together it is evident that 
a lowering of the central vision, a contraction of the visual field, an impair- 
ment of the color sense and, finally, amaurosis must be the result. 

The course of a simple progressive atrophy of the optic nerve is marked, as 
a rule, by a gradual deterioration of vision. If the visual field is tested in 
the beginning of the disease the first thing that can be noticed is a contraction 
of the field of color vision, and that the limits for green in particular are con- 
tracted. Then the field for white gradually grows smaller and the central 
vision fails, until at last it sinks into amaurosis. Years often elapse before this 
final stage is reached. 

Various causes operate to produce simple progressive atrophy of the optic 
nerve and we cannot differentiate them by means of the ophthalmoscope alone. 
It is one of the symptoms produced by certain diseases of the nerve itself. 
Tabes is the cause in at 'least 40% of all such cases, and as almost every alter- 
nate case of optic atrophy is a symptom of tabes we must investigate for the 
presence of one or more of the other marked symptoms of this disease as soon 
as we are certain that the nerve is atrophic. Such symptoms are reflex immo- 
bility of the pupils, absence of the patellar reflex, pareses of the muscles of the 
eye, motor or sensory disturbances, gastric crises, a sense of constriction about 
the body, lancinating pains in the limbs, and paresthesias. 

Next we have to think of progressive paralysis, as atrophy of the optic 
nerve occurs in about 5 to 8% of the cases of this disease. 

Affections of the optic nerve are still more frequent in multiple sclerosis, in 
which, aside from the optic neuritis, the atrophy of the nerve is usually incom- 
plete. The papilla is only partially atrophic and frequently only one eye is 
affected. The disease is certainly to be considered neuritic, but the neuritis 
in the trunk of the optic nerve may run a brief course and leave behind only the 
picture of a simple atrophic discoloration of the papilla. 

A tumor of the brain may cause a genuine optic atrophy when it compresses 
the optic nerve and interrupts its conduction. This is particularly the case 
in acromegaly, in which the atrophy is due to the compression of the chiasm 
and of the optic nerve by the tumor of the hypophysis. When we see an 
atrophy of only one optic nerve we must also think of a fracture of the base 
of the skull in which the optic nerve has been torn or compressed in the optic 
foramen. 

Occlusion of the central artery may also give rise to the picture of optic 
atrophy, but the margins of the papilla are not sharply defined and the 
extreme smallness of the vessels indicates the cause in such a case. A simple 
optic atrophy may also appear in old age as the result of arteriosclerosis. In 
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a general way we may make this comparison between the optic atrophy of 
tabes and the descending atrophy of other diseases: in tabes the signs of 
atrophy are to be seen at the time the visual trouble begins; in the descend- 
ing atrophies the visual trouble may be present before we can positively recog- 
nize the paleness of the optic disc with the ophthalmoscope. There are quite 
a number of etiological factors to be remembered when we see a case of genuine 
optic atrophy, and, even though we ourselves are therapeutically impotent, we 
can in very many cases recognize the onset of diseases early enough to enable 
them to be at least arrested or ameliorated by proper treatment. 

175. Disease of the Papillomacular Bundle of Optic Nerve Fibres 

and the Etiology of Retrobulbar Neuritis 

The history of this patient is as follows: T. R., laborer, 37 years old. 
Father killed in an accident ; mother, brothers and sisters well. No family 
history of nervous or mental disease or of convulsions. Development normal. 
Had typhoid fever when 9 years old, otherwise has never been sick; no vene- 
real disease. Drinks every day, is drunk for three or four days every four 
weeks, but works regularly. He has complained that he could not see well for 
a year past. About three months ago he began to have severe headaches and 
two months ago he had an attack of convulsions, on account of which he was 
taken to the hospital. On the day of his discharge from the hospital be be- 
came restless and fearful, saw cats, rats, mice, and a great number of men 
dressed like clergymen who approached him without speaking. He picked 
threads from his clothing. In short he had an attack of the transient delirium 
of chronic alcoholism, which improved quickly in the neurological department. 
The following is a brief abstract of the neurologist's report: 

I«arge, strong, well nourished man. Color of face good. Facialis and 
trigeminus intact. Tongue is protruded straight forward, trembles slightly. 
Patellar reflex — , symmetrical; Achilles reflex — ; ankle clonus on each side, 
more marked on the left than on the right. Abdominal reflex rather weak on 
each side; cremasteric reflex — ; arm reflex — . No Babimski, no Opprnhrim. 
iiross strength not reduced. Sense of position distinctly impaired; touches are 
not always announced promptly; slight reduction of sensitiveness to pain in 
the limits; sharp ami blunt are well distinguished, though the answers are not 
always certain; pricks with a needle perceived everywhere; heat and cold are 
well distinguished. When the eyes are closed he wavers somewhat and he stands 
insecurely on each foot. No distinct ataxia in walking. In the heel knee test 
he is not quite certain of touching the patella; distinct atactic motions on 
drawing a triangle or a circle in the air. Able to carry a glass filled to the brim 
with water to his li}» without spilling. Peripheral arteries rather tortuous and 
rather rigid. Pulse regular, strong, 72 beats per minute. Tremor of the out- 
stretched hand which is not increased by grasping an object. Qminqmaud -f- 
Thyreoid not enlarged. Psychically, patient makes a rather dull, apathetic 
imprecation. Localitatton as to time slightly impaired, as to place better. 
Ffctt* tick* but cannot tell where. Is unable to say words backward, begins 
Hdhthf* but theft always says them forward. Often makes omissions and mis- 
wi in hit ajttwtrt* Qucattons requiring judgment very badly answered. Cal- 
cutta* Ttfjr WdL Muaort for figures greatly impaired, a number of four 
%MU fittfr |p» » minute. Examination of the blood for syphilis 
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It is not without reason that I have given this clinical history, for in this 
patient the eye symptoms are of predominant interest. 

L The Ophthalmoscopic Picture and the Condition of the Field of Vision 

in Retrobulbar Neuritis 

The temporal half of each papilla is white, while the nasal portions retain 
their normal color. The temporal half of the normal disc is rather brighter 
than the other, but the difference is so marked in this case that the atrophic 
temporal portion of the papilla seems to form a sector distinct from the rest. 
This is due to a sharply circumscribed partial atrophy of the optic nerve in 
the temporal half of the papilla, which gives rise to the characteristic picture 
of a retrobulbar neuritis confined to a certain bundle of fibres, the papillomacu- 
lar. *The changes to be seen with the ophthalmoscope are not always as well 
marked as they are in this patient, especially not at the beginning of the dis- 
ease. The condition may be absolutely negative at first, or the papilla may 
be a little reddened and the pallor on the temporal side may appear later. For 
this reason we have to depend at the commencement of the disease on the sub- 
jective statements of the patient and the test of the fields of vision. 

The most important symptom mentioned by the patient is that he has 
nyctalopia, that he is able to see better in the evening than during the day. 
A partial explanation of this is that the pupil dilates as the amount of light is 
reduced, so that the peripheral portions of the retina take a greater part in 
the act of vision, but even when the vision is not really better the annoying 
sensation of dazzling passes off and the patient feels that he can see better. 

A central scotoma, which is usually negative, can be demonstrated early in 
disease of the papillomacular bundle of nerve fibres. Red and green colors 
appear to be darker than they should be, and color perception is finally lost in 
this central area. If the development of the scotoma is followed carefully we 
find that a little central defect for red and green appears first, an enlargement 
of the blind spot follows, and later the two blend, so that the scotoma has an 
oval form corresponding to the papillomacular area of the retina. Colored 
objects appear at first to be duller, then to be colorless; finally they are no 
longer to be seen and the perception of white is lost. The scotoma is then 
absolute. The outer boundaries of the fields for white and for colors may be 
normal, or they may be contracted to varying extents according to the degree 
of atrophy, for it must not be imagined that this papillomacular bundle has 
sharply defined limits, and the disease may involve more or less the other fibres 
of the optic nerve. 

In order to demonstrate a central scotoma for red and green the examiner 
may place a little colored object on the tip of his nose and cover it with his 
finger; the patient is then told to close one eye and fix the other on the tip of 
the examiner's nose; then, when the examiner removes his finger the patient is 
unable to name the color if a central scotoma is present. While he continues 
to fix his eye on the same point the little colored object may be moved in a 
circle before his eye and the color is recognized at once. The central percep- 
tion of color can be ascertained in this very simple way, and then the scotoma 
may be measured accurately on the perimeter. 

II. Elucidation and Pathology of the Disease . 

The reason why such a sharply defined partial atrophy occurs and produces 
such a typical clinical picture is because a number of diseases affect in a selec- 
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tivc manner only a certain bundle of fibres in the trunk of the optic nerve, the 
so culled papillomacular bundle, the degeneration of which can be demonstrated 
microscopically. The position of this bundle cannot as yet be shown in the 
normal optic nerve by means of an elective stain, but the diseases that affect it 
have revealed its position, which varies in different parts of the nerve. Near 
the foramen opticiini and in the upper part of the orbital portion of the nerve 
it lies in the middle of the trunk about the central vessels and is therefore 
known as the axial bundle, but it lies to the temporal side of the vessels at the 
place where they enter the eve. This is because the optic nerve rotates some- 
what about its axis during its course through the orbit; in this part of the 
nerve Ihc bundle forms a wedge shaped sector with its apex at the central ves- 
sels, and it occupies the temporal side of the papilla when the nerve enters the 
eye. This is the reason why the temporal half of the papilla becomes pale 
when the papillemacular bundle undergoes degeneration. These fibres arc of 
great importance, because they supply the macula and provide for the central 
vision. They follow a curvilinear course from the temporal margin of the optic 
nerve to the macula, and when they have lost their functional power a central 
scotoma must result. In this manner are explained the two most important 
symptoms of disease of the pnpillomncular bundle, the central scotoma and the 
partial, temporal atrophy of the optic nerve. 

The degeneration of the optic nerve fibres is only the final stage of the 
pathological process. The researches of Votsiut, Sameliahn, Uhthoff, Bungc, 
and Sihieck have shown that it is preceded by an optic neuritis which 
may run downward from the optic foramen to the eyeball, or may start near 
the eyeball and extend upward. The interstitial tissue proliferates, is rich in 
nuclei and vessels, atrophies, and so may interfere with the functions of the 
fibres. These changes in the interstitial tissue are primary in many cases, 
while the disease of the parenchyma is a secondary symptom. The primary 
cause may also be a sclerosis of the vessels. I believe, however, with Birch- 
Hirschfeld, that in many cases we cannot accept the theory of an interstitial 
neuritis, but must assume a quite specific toxic action upon the ganglion cells 
and axis cylinders of the fibres of the optic nerve. We can recognize this 
disease with the ophthalmoscope only after the first changes can be per- 
ceived on the temporal half of the papilla. Sometimes these changes consist of 
a suspicious hyperemia of this portion of the disc, but we can be certain only 
after signs of atrophy have appeared. 

III. Etiology of Retrobulbar Neuritis 

Two groups of diseases are capable of producing disease of the papillo- 
imicular bundle of fibres and thereby a central scotoma: chronic intoxications 
and certain general diseases. 

a. Retrobulbar Xcuritis in Chronic Intoxications 

.■tlcohol and tobacco amblyopia calls first for consideration. Either alcohol 
or tobacco aione may cause a retrobulbar neuritis, but usually both of these 
poisons work together to produce it. Methyl alcohol can produce an acute 
amblyopia and even amaurosis. The cheap kinds of tobacco and alcoholic 
liquors are the most dangerous. The patients are, as a rule, middle aged and 
elderly men, who complain of a progressive impairment of their vision. When 
the temporal half of the papilla is already atrophic and the scotoma is absolute. 
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no restitutio ad integrum can be obtained, but when the disease has not pro- 
gressed so far the interstitial neuritis of the optic nerve, due to the abuse of 
alcohol and tobacco, has a comparatively good prognosis. Timely treatment 
and absolute abstinence may improve the central vision and even restore it to 
normal, provided that the patient does not yield to temptation. Aside from 
absolute abstinence the treatment consists of sweatings, potassium iodide, 
carefully dosed injections of strychnine and protection of the eyes. 

In chronic lead poisoning the onset of the visual disturbance may be quite 
acute, but usually other symptoms of plumbism are present. Frequently a neu- 
ritis can be detected with the ophthalmoscope, or it may be that only a central 
scotoma may be made out at first. 

A central scotoma, usually without involvement of the peripheral parts of 
the field, is met with in the carbon bisulphide poisoning of workmen employed in 
the manufacture of rubber goods. The same form of amblyopia may be pro- 
duced by such substances as salicylic acid, carbolic acid, iodoform, morphin, 
antipyrin, nitrobenzol, as well as by atoxyl, which has proved of late to be 
such an efficient remedy in the treatment of sleeping sickness. 

6. Retrobulbar Neuritis in General Diseases 

First among the general diseases is multiple sclerosis. The foci of degen- 
eration in this disease seek out, with a certain predilection, the papillomacular 
bundle in the optic nerve, and whenever we meet with a central scotoma of one 
or both eyes we must be on the lookout for other symptoms of multiple 
sclerosis. 

Thus far I have spoken only of chronic disease of the papillomacular bun- 
dle, but we occasionally, though not very often, meet with a neuritis which is 
quite acute in its onset and in which this bundle of optic nerve fibres is par- 
ticularly involved. Such patients become totally blind in a few daj T s or hours. 
Usually they can still perceive objects peripherally, but not those that are 
directly in front of them. It is becoming more and more evident from clinical 
experience that multiple sclerosis is the cause in most of these acute cases, yet 
the etiology of some of them has not yet been explained. Even when the am- 
aurosis has lasted for days the peripheral vision may improve, although the 
central disturbance remains. 

A good diagnostician must also know that a central scotoma is not un- 
common in diabetes. Usually the patients are elderly and very much broken 
down, or at least in a late stage of the disease. Diabetes may also cause an 
acute blindness through retrobulbar neuritis, but we rarely find marked signs 
of inflammation on the papilla. 

Finally, diseases of the accessory sinuses of the nose may cause retrobul- 
bar neuritis, and some cases have to be ascribed to febrile general diseases and 
to catching cold. 



176. Choked Disc and Tumor of the Brain 

L Ophthalmoscopic Picture of Choked Disc and the Behavior of the Vision 

The head of the optic nerve protrudes like a mushroom into the vitreous 
of both eyes of this patient. The papilla is greatly swollen and is of a gray 
red color. Its tissue has a peculiar glassy cloudiness which extends a little into 
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the surrounding retina and obscures its margins. In the upright image a gray 
striation can be seen on the papilla, which corresponds to the course of the 
swollen and cedematous nerve fibres. The fourth principal symptom is the 
behavior of the vessels. The physiological excavation disappears in conse- 
quence of the swelling of the funnel that contains the vessels. This nrcUlOg 
affords the means by which the great prominence of the papilla can be recog- 
nized. The arteries appear to be small, while the veins are very large, dark 
red and very tortuous. Entire portions of the veins are hidden in the cloudy 
tissue in some places and come to the surface in others, so that they seem to 
hi' interrupted in their courses, although they are in fact only covered by the 
swollen and opaque tissue. At the places where the vessels are to pass into the 
retina they can be seen to descend the slopes of the prominent papilla in strong 




Fig. 133.— Choked Disc. 



curves. Little hemorrhages may be observed near the vessels between the 
stri« of the tissue of the disc. In some cases we find in addition to the 
hemorrhages white stria- or plaques formed mainly by nerve fibres that have 
undergone varicose degeneration. Even a picture similar to that of retinitis 
albuminuriea, with the stellate figure at the macula, may sometimes be noticed 
in choked disc. 

Next we must measure accurately the degree of swelling of the papilla. 
While we are making an examination by the indirect method it will Ik- seen 
that if we move the lens up and down the anterior of two points lying near each 
other on different levels will pass over the posterior. This phenomenon is par- 
ticularly marked when the choked disc is very prominent, but a more exact 
measurement can be made by the direct method. The refraction of the surface 
of the papilla is first measured with the ophthalmoscope and then that of the 
retina. A difference in level of 1 mm corresponds to a difference of refraction 
of It dioptres. If the refraction of the retina is emmetropic and that of the 
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top of the papilla is + 3.0 D, the height of the choked disc is 1 mm. If the 
patient is hypermetropic the hypermetropia of the disc is still greater, if he is 
slightly myopic the papilla may be emmetropic or hypermetropic, and in high 
myopia the myopia of the papilla is less than that of the retina. 

Another point that we have to decide ophthalmoscopically is whether the 
choked disc is fresh or old. When the condition has lasted some time, or is 
undergoing involution, atrophic changes can be seen. The prominence of the 
papilla decreases, but the veins remain tortuous and its margins are not as 
distinct. Its color becomes brighter and finally blue gray, but the lamina 
cribrosa remains invisible. 

The vision must be determined before we can proceed in our investigation 
and reach diagnostic conclusions. In this patient it is still nearly normal, a 
fact that is very instructive. Grave changes may take place in the papilla 
without betraying themselves in disturbances of the vision. Hence the ophthal- 
moscope must be used in all cases in which there is any reason to suspect the 
presence of a choked disc. 

IL Pathology of Choked Disc 

The mushroomlike swelling of the head of the optic nerve is due primarily 
to oedema. The entire substance of the nerve is softened. We also find pro- 
liferation of the nuclei and distended capillaries, which are in part new forma- 
tions. In the later stages we meet with signs of inflammation, cellular infiltra- 
tions, hemorrhages; thickenings of the nerve fibres and finally destruction of 
the latter, proliferation of the connective tissue, increase of the nuclei, and 
inflammatory changes in the sheaths of the vessels. In the final stage the 
changes correspond to the signs of neuritic atrophy. 

Aside from the proliferations of the endothelium the marked ampullalike 
dilatation of the intervaginal space is very striking. It is plain that an en- 
gorgement of lymph must have occurred at this place. This hydrops of the 
intervaginal space is absent, or at least less distinctly marked, in a good nmny 
cases. 

m. Etiology of Choked Disc 

' The great diagnostic importance of choked disc depends on the fact that 
it calls attention to the presence of a cerebral disease, usually a tumor of the 
brain. Ninety per cent, of all intracranial tumors are associated with a 
choked disc. The nature of the tumor is not indicated ; it may be of the bones, 
membranes, or substance of the brain ; it may be a sarcoma, a glioma, a carci- 
noma, a gumma, a tubercle, an aneurysm, or a cysticercus. Neither is the 
choked disc a guide to the size of the tumor, for it may be of high degree when 
caused by a very small growth, as, for example, when a small tumor is situated 
in the cerebellum. 

Double choked disc is met with not only with tumors of the brain, but also 
with abscess of the brain, chronic meningitis of the base, especially when of 
syphilitic origin, hydrocephalus and certain congenital deformities of the skull. 
It may occur in one or both eyes in cases of gumma of the base of the skull, in 
sinus thrombosis, and in hemorrhage at the base of the skull. Choked disc of 
one eye alone is usually met with in connection with inflammations due to 
neoplasms in the orbit. A double choked disc occurs in rare cases of such 
general diseases as nephritis, lead poisoning, ancemia, multiple sclerosis, and a 
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- of acute infectious diseases, but, as a rule, the picture presented in 
e affections is rather that of an optic neuritis. 



IV. The Way in Which Choked Disc is Produced 

A. v. Graefe believed that the increase of intracranial pressure caused by 
the tumor acted to compress the sinus cavcrnosus, and that this gave rUe to 
an engorgement in the ophthalmic vein, winch empties' into the cavernous sinus, 
which was transmitted peripherally through this vein into the central vein of 
the retina. He thought that this engorgement in the retinal veins induced a 
serous infiltration and oedema of the papilla, and that the serous transudation 
acted in turn on the vessels, so that the optic nerve was as it were strangulated 
in the unyielding network of the lamina cribrosa. 

But this theory was rendered for the most part untenable as soon as 
Segemann showed that the ophthalmic vein has sufficient connection with the 
facial so that an obstruction to its flow into the cavernous sinus could not 
produce a choked disc. There are still some investigators, like Dci/l and 
Kntipe, who think that the central vein is compressed at a point anterior to 
its anastomosis with the ophthalmic vein. Such a place exists, according to 
Knape, at the point where the vein passes through the dura! sheath of the optic 
nerve, and, according to Det/I, along the passage of the central vessels through 
tlie intervaginai space itself. 

The theory which has long been accepted as explanatory of the origin of 
choked disc is the one propounded by Schmidt -Rimplcr and by Statu, Pre- 
paratory to this was the discovery by Sckaatbe that the intervaginai space of 
tlie optic nerve communicates with the subdural, or subarachnoid space of the 
brain. Schmidt-IUmplcr advanced the idea in 1869 that when there was an 
increase of the intracranial pressure a large quantity of cerebrospinal fluid was 
pressed into the lvmph space of the .sheath of the optic nerve and caused an 
ffldema in the lamina cribrosa, which contains a system of canals connected 
with the arachnoidal space. The statement of Schmidt-Iiimpler that a system 
of canals in the lamina cribrosa communicated with the arachnoidal space was 
not confirmed by Leber, but Manx claimed that by means of the hydrops of 
the sheath the intracranial pressure caused circulatory disturbances in the 
end of the optic nerve which resulted in an oedema tous swelling and infiltration. 
Since that time this has been known as the Schmidt-Munz theory. 

Recently Lerinxohn has tried to prove experimentally that an obstruction 
to the flow of lymph in the intervaginai space compresses those lymph passages 
which run in the optic nerve, and that an engorgement of the fluid coming from 
the vitreous chamber into the distal section of the optic nerve is produced in 
this way. Hochc has proven that analogous changes to those found in choked 
disc arc also to he met with in the posterior roots of the spinal cord. He con- 
siders it very probable fhat in consequence of an engorgement of lymph the 
optic nerve, which is saturated with oedema, suffers a constriction in or close 
to the lamina cribrosa. 

Another theory based on a purely mechanical origin of choked disc was 
advanced by Parintwd, who claimed that it is present in the case of a tumor 
only when the latter is complicated by hydrocephalus and a?dema of the brain. 
As flu optic nerve can be looked upon as a projected portion of the hrain he 
believed that an engorgement of lymph takes place within it also. According 
to CI rich likewise choked disc is an oedema due to engorgement localized in the 
optic nerve, and Kampfcritein also explains choked disc as an oedema coming 
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from the brain which is pressed into the optic nerve and through the lamina 
cribrosa into the papilla. 

All of these theories ascribe choked disc to a mechanical origin, and which- 
ever one is accepted there is no doubt that it explains certain important clini- 
cal features, such as the high degree of the swelling, the change in the position 
of the lamina cribrosa, which is arched forward, and the enormous oedema. A 
mechanical origin seems particularly plausible at first glance when we see a 
choked disc decrease considerably after a trepanation of the skull and after a 
reduction of the intracranial pressure, and yet there are factors which cannot 
be made to harmonize with such a theory. 

There are many cases in which hydrops of the intervaginal sheath is 
absent. More than this, numerous authors have proved that choked disc does 
not consist pathologically of an engorgement alone, but that distinct signs of 
inflammation are also present in the papilla, which may frequently be looked 
upon as primary. Hence it was not long before advocates appeared who ques- 
tioned the Schmidt-Manz theory. Hughlings Jackson said that a tumor of the 
brain acted to a certain degree as a foreign body and excited optic neuritis by 
its irritating influence. Gowers then maintained that the choked disc was pro- 
duced through products of inflammation. Leber was a strong advocate of this 
inflammation theory. The facts that on pathological examination distinct 
signs of inflammation were often found instead of a simple oedema and passive 
hyperemia, and that an ampullalike protrusion of the distal blind end of the 
intervaginal space was frequently absent, contributed not a little to cause 
Leber to seek the cause of choked disc in the irritation produced by inflamma- 
tion. He held that the metabolic products of tumors, which mingle with the in- 
flammatory transudations, acted as irritants and caused the papillitis when 
they reached the bulbar end of the intervaginal space along with the cerebro- 
spinal fluid. This theory has a large circle of adherents. Deutschmann in- 
jected agar into the subdural space in living animals, and so became convinced 
that a simple increase of pressure in the cranial cavity alone caused no disease 
of the intraocular end of the optic nerve, that choked disc must be an inflam- 
matory affection rather than the result of engorgement, and that the substances 
which excite inflammation press into the intervaginal space. Zellweger like- 
wise thought the cause to be the specific inflammatory property of the cere- 
brospinal fluid in cases of tumor of the brain. EUchnig decided from the 
results of his pathological studies that choked disc was inflammatory. He con- 
sidered the neuritis to be primary, and the oedema to be a frequent, but not 
a necessary, local or accompanying phenomenon. Liebrecht emphasized the 
inflammatory proliferations of the sheaths of the optic nerve and thought the 
disease started from the pia. Krueckmann has defined more accurately the 
idea of the inflammation in choked disc. He recognizes the favoring action of 
the cerebral pressure, but thinks that the papillitis is produced by somatoge- 
nous and autogenous substances set free by the destruction of the tumor cells. 
Even a stasis of the metabolic products of the normal tissues in the intervaginal 
space can excite inflammation. 

The strife between the adherents of these two theories has oscillated back 
and forth up to the present time, but most of us think that neither theory can 
explain all of the clinical facts. According to Birch-Hirschfeld the cases with 
great oedema and very little infiltration counterindicate the inflammation 
theory, while the absence of dilatation of the vaginal space, especially in fresh 
cases, is opposed to the purely mechanical theory. There are therefore a 
number of ophthalmologists who take a middle ground and ascribe an effect 



to both factors, the engorgement with lymph and the inflammation, but i 
Otntlj signs have appeared that the balance begins to incline toward a purely 
tun li;iniial origin of choked disc. The good results obtained by palliative 
trephining of the skull is not the least important cause of this. It would he 
strange if some of the symptoms of a tumor of the brain, such as the headache 
and the vomiting, were to be ascribed to the intracranial pressure and a third 
■jnptom, the choked disc, to a different factor, the tumor toxine. Two things 
in particular have been adduced as direct proofs against the inflammation 
1. The fact, which has been established clinically and pathologically, 
that there arc a number of intracranial affections which reduce the space with- 
in I In- >kull and give rise to n choked disc, in which no pathological signs of in- 
tiuintn.it inn are present in the head of the optic nerve, is opposed to the general 
acceptance of the inflammation theory. Among these conditions are the choked 
discs Caused by extradural tumors, aneurysms and contusions of the skull. 
- It !i.i- been insisted Upon recently, especially by v. Hippel, that the rapid 
sub si dence of ■ choked disc after operative intervention cannot be made to 
lianiuiiu/i' with the theory that it is due to products in the cerebrospinal fluid 
that excite inflammation. Cases have been observed in which the choked disc 
disappeared in a rcmarkablv short time after trephining of the skull, or open-. 
ing of the dura. In such cases the products that excite uinaiimuttiim tm.i-t -till 
bt ulili- to come in contact with the optic nerve, and E. r. Hippel considers it 
"inconceivable that a severe inflammation caused bv toxines should recover 
rapidlv when Ilie same toxincs — diminished onlv In quantity- — still continue to 
act on the Optic nerve." 

We cone BOW to the reasons which either do not oppose or favor the theory 
that the increase of the intracranial pressure may be the single factor in the 
product ion of a choked disc. They are three in number. First, it has been 
shown that we can draw no conclusions from the presence or absence of hy- 
drops of the intcrvaginal space as to the presence or absence of an increased 
intracranial pressure. Second, no unobjectionable evidence has yet been ad- 
duced, according to r. Hippel, that a choked disc occurs in connection with an 
intracranial neoplasm without an increase of pressure. Third, there is no 
parallelism between the size of the tumor and the increase of pressure. The 
intracranial pressure may be greatly increased by a small tumor. In spite of 
all this the theory is not yet accepted that the increased intracranial pressure 
is the sole cause of choked disc, in accordance with the view of Schmidt- 
Kimplrr. The main reason for this is that no pathological condition, which may 
: nd the imprint caused by the pressure, has yet been found to be con- 
stant. Even v. Hippel admits that there U no doubt that the Schmidt- Manx 
theory is not applicable to all eases. An experiment performed by Schitck to 
explain the pathogenesis of choked disc is worthy of notice. He investigated 
mainly the question why the increased pressure acted in the sheath and at the 
distal end of the optic nerve, and found that in the initial stages the central 
vcm is distinctly compressed within the nerve, while outside of the nerve it is 
free from signs of engorgement. This does away with the old hypothesis of 
r. Grmefc of an obstruction of the venous flow into the cavernous sinus, for, if 
this hypothesis »ere correct, an engorgement would be risible throughout the 
entire course of the vein. The vein is likewise not compressed at the place 
where it passes through the dura! sheath, as was supposed by Knape, nor in 
the intervaginal space, as was thought by Dcjfl. Sikifck found further in the 
initial stage an engorgement of the lymph between the sheaths of the optic 
nerve. But this little increase of fluid alone cannot suffice to cause a compres- 
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sion of the central vessels and of the bundles of nerve fibres, such as is assumed 
to exist in the Schmidt-Manx theory- Schieck discards the inflammation theory 
in that he is of the opinion that in the initial stage the process does not present 
the characteristics of inflammation, and that the latter originates as a second- 
ary reaction of the tissues injured by the engorgement. He found regularly 
in the optic nerve in commencing choked disc the formation of cctatic hollow 
spaces in the axial groups of nerve fibres near and between the central vessels. 
These hollow spaces are the distended perivascular lymph sheaths of the ves- 
sels. He then refers to the experiment performed by Leiinsohn in which the 
optic nerves of animals were ligated within the orbit, sometimes leaving the 
central vessels free, sometimes tying them off. Schieck agrees with Leiinsohn 
that two currents of fluid nre met with at the level of the entrance of the cen- 
tral vessels through the optic nerve sheath, one of which is centripetal from the 
eye, the other centrifugal from the brain, both in the perivascular sheaths of 
the central vessels. Schieck enunciates the following theory, based on his find- 
ings and on the pathological condition of a marked engorgement in the system 
of the perivascular lymph spaces of the axial bundles, which I give in his own 
words. "If it is proven that at the level of the exit of the vessels from the 
trunk of the optic norve'two currents of fluid are met with in the intcrvaginal 
space, one flowing axial ly in the perivascular lymph spaces of the central ves- 
sels from the hilus of the papilla, the other coming from the brain, the main 
condition for a regulated, common flow of these two currents through the vas- 
cular sheaths is that they arc under a perfectly even pressure. As soon as the 
fluid in the intcrvaginal space, which communicates freely with the cerebro- 
spinal fluid, is subjected to a high pressure in consequence of an intracranial 
increase, produced for example by a tumor, or a hydrocephalus, the outflow 
from the cavity of the vitreous must be obstructed. The result is an engorge- 
ment of the lymph coming from the vitretHU in the axial cord as the first 
factor in the production of choked disc, while the cerebrospinal fluid seeking 
an outlet in the preexisting path is pressed back and the distention of the 
lymph space is increased. The obstruction to the outflow of lymph in the 
axial cord from the hilus of the papilla is soon made visible ophthaliuoscopieally 
by a swelling of the tissue, and the picture of venous stasis is added by the com- 
pression of the central vessels running in the axial cord. Starting from the 
axial cord the oedema spreads among the bundles of nerve fibres, produces a 
destruction and strangulation of them and now a reactive inflammation sets 
in partly from the products of decomposition of the stagnant lymph, partly 
from the destruction of tissue. The nerve fibres atrophy while the supporting 
substance proliferates, and the final result is the so called atrophy after choked 
disc." 

The only point in this hypothesis that has been proved as yet is that peri- 
vascular dilatations have been found in the vicinity of the vessels of the optic 
nerve in the axial cord in a number of cases, but it has still to be demonstrated 
that this condition is constant. In the second place it must be proved with 
more certainty that these two currents of lymph actually exist in the sense in 
which they are present in the hypothesis. Thirdly, it is necessary that it 
should be demonstrated that these two currents of lymph normally are met 
with under an actually even pressure. Fourthly, it must be determined whether 
any support can be found in the intraocular change of fluid in cases of choked 
disc for the assumption that the path of the lymph coming from the vitreous 
is occluded. Fifthly, it must be learned in how far the pathological changes 
harmonize with this hypothesis when the overpressure in the intcrvaginal space 
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is not the governing factor, and the outflow of lymph along the axial cord is 
obstructed by increased pressure within the eye. Sixthly, if this theory of a 
purely mechanical origin of choked disc is correct it must be possible to produce 
choked disc in monkeys without the aid of a tumor. Seventhly, it must be 
demonst rated that the cerebrospinal fluid contains no substances that can excite 
inflammation of the head of the optic nerve. This likewise can be determined 
by experiment. We hope that the solutions of these problems will he favorable 
to Srli trek's hypothesis, for then, at least in the theoretic conception of the 
pathogenesis of choked disc the desired unity will be attained, and then it can 
he called the best attempt to explain the way in which the condition is brought 
about. But I doubt if it will furnish any new, practical method of treatment. 
As long as the advocates of the engorgement theory themselves admit that it 
is in -t explanatory of all cases, and as long as a new theory applicable to all 
is not positive, I believe that Leber'n theory of the inflammatory origin of 
choked disc is justified. But ophthalmologists should not speak of toxines i 
this connection as though the products of metabolism were insufficient to excite 
inflammation without assuming such a character. I can only admit with cer- 
tain limitations the conclusion that the rapid involution of choked disc contra- 
indicatcs the presence of products that excite inflammation, for such a rapid 
umlotioa is extremely problematical in not a few cases, and we do not know 
in how far the paths for the outflow of the cerebrospinal fluid which were 
oedudtd W* rendered free again by the reduction of the intracranial pressure. 
A- il u certain that in many cases of tumor death occurs not simply in conse- 
q u ence of the masses of cells, but as a result of the grave alteration of the 
general nwtabotnun, it seems to mc hazardous to deny the ability of intracere- 
bral tumors to form abnormal products of metabolism. It is bevond our power 
to judge in how far the cerebrospinal fluid in cases of tumor of the brain differ 
chemically and biologically from the normal. The substances that cause Wat 
srrmtmn'i reaction can be demonstrated in the cerebrospinal fluid of syphilitic; 
though they are' absent in healthy brains, and it seems to me that there is 
scarcely a doubt that the composition of the cerebrospinal fluid is abnormal 
in cases of commencing tumor of the brain. Aside from the serological pecu- 
liarities that I have met with in it, I have established distinct inflammatory 
• in U>th papilla- of a monkey in which I allowed fresh, sterile cerebro- 
spinal fluid from a case of tumor to act for a long time under high pressure, 
while physiological salt solution produced no effect on a control animal. Un- 
fortunately the parallel experiment with normal human cerebrospinal fluid 
could not be made. As no conclusion can be drawn from one such experiment 
the queatioa as to the part taken by substances in the cerebrospinal fluid of 
patient* suffering from tumors of the brain which act to excite inflammation 
■ nerve remains to be demonstrated. But. although 
further points for the support of the inflammation theory may be discovered 
in the future, this plays only a secondary part in the explanation of the clin- 
ical symptom-, in must eases of choked disc. While, therefore, we must not lose 
sight of it completely at the present time. I am inclined to agree with many 
other ophthalmologist* on a middle ground: Lymph engorgement in conse- 
quence of an intracranial increase of pressure, according to the Schmidt- Manz 
theory, or its substitute hypothesis, can take place together with the action of 
products that induce hyperemia and inflammation, and cause the different 
s of optic neuritis and choked disc. 
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V. Treatment of Choked Disc 

It is always extremely difficult to localize a tumor of the brain, and this 
can be done with absolute certainty only in rare cases. When the situation 
can be made out with a high degree of probability two things have to be taken 
into account. First, that the cases are increasing in number in which the 
presence of a tumor in the brain has been indicated not only by a choked disc, 
but by other symptoms as well, and yet have recovered spontaneously. Nonne 
and Retchardt in particular have reported such cases. Second, the question 
must be raised in every case whether the tumor is not of a syphilitic nature. 
Was sermann's test must be made in every case, and a very energetic anti- 
syphilitic treatment may be instituted at once. If the tumor does not react 
to the specific treatment, or if syphilis can be positively excluded, and if it is 
not possible to accurately localize it, we must try to preserve the patient's 
vision till the end of his life. This may be done by reducing the intracranial 
pressure, as surgical experience has shown. E. v. Hippel has collated from the 
literature on the subject evidence which shows that the outlook for the preser- 
vation of the vision is most favorable when the operation is performed early. 
The only question is what form of intervention to advise when a radical oper- 
ation cannot be performed. A practical point is that lumbar puncture is not 
only ineffective, but may be dangerous in cases in which the presence of a 
tumor is probable. Improvement of the choked disc may be obtained by lum- 
bar puncture only when it is due to obstinate syphilis, serous meningitis, or in- 
jury of the skull. The skull should be trephined in cases of tumor of the brain, 
for it has been proved that this operation improves the chances for the preser- 
vation of the vision. Life may be prolonged and amaurosis warded off for a 
long time by its means. Experience shows that perfect recovery indeed may 
follow the operation in cases of chronic hydrocephalus, pseudotumor, and 
serous meningitis when no tumor is really present, while if it is not performed 
the patient may be rendered blind even though he recovers from the disease. 
The general condition usually improves immediately after the trephining, the 
headaches and vomiting cease. According to the statistics given by Finckh 
the choked disc underwent involution in 30 out of 31 cases. The results given 
by Saenger are similar. 

The place to be selected for the application of the trephine must depend on 
the individual case. Saenger recommends the region of the right parietal lobe 
because prolapse is least to be feared at this point. Palliative trephining has 
its dangers, and the conscientious physician must take these as well as its ad- 
vantages into account. How it is to be performed, and whether on one side or 
both, we leave to the surgeon. Aside from the dangers there are some other 
objections to this operation. Cases are met with in which choked disc under- 
goes involution of itself; this is particularly true when syphilitic neoplasms 
are present. On the other hand an obstinate gumma may be an indication 
for a palliative trephining when the danger of blindness is very threatening. 
The objection raised by neurologists, and to be expected^ in any given case, 
that after this operation it is impossible to localize the seat of the tumor, 
because the symptoms are obscured by the reduction of the intracranial pres- 
sure, I cannot admit. The main point is that the dangers attendant on this 
operation are decreasing. It is the duty of the surgeon to decide when some 
other operation should be performed instead, v. Bramann, in conjunction with 
Anton, tried the so called puncture of the corpus callosum, by which an open 
connection is made between the ventricle and the subdural space, so as to pro- 
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vide an outlet for the cerebrospinal fluid. Payr has drained the ventricle in 
hydrocephalus. Our therapeutic duty is clear. When the tumor cannot be 
localized and a radical operation is impossible we can at least try to save the 
vision of the patient by a palliative operation, for, aside for the amelioration 
of the general symptoms, these patients bear their troubles better and more 
easily when they can not only feel but see the hand that cares for them. 

The fundus should be examined in every case in which the patient complains 
of a long persistent headache. This is neglected too often. It is not neces- 
sary that a physician should be a specialist in order to recognize the signs of 
engorgement or of inflammation of the optic nerve. When such a condition 
is met with it will at least lead one to think of cerebral disease, which perhaps 
has hitherto made itself manifest only by uncertain symptoms, and when a 
radical extirpation of a tumor of the brain is impossible the beneficial effect 
that may be produced by a palliative trephining, or by some similar operation, 
should be borne in mind. 



XVIII 
Diseases of the Retina 



177. The Normal Anatomy of the Retina and the Way in Which to 

Make a Diagnosis of a Retinal Disease 

It happens very often that we are able to detect with the ophthalmoscope 
a disease of the retina through which the patient first becomes aware of a pre- 
existing general disease. Aside from simple detachment and glioma almost all 
affections of the retina are local phenomena of general diseases, and hence the 
pathological changes to be seen in the fundus are important chiefly because of 
their diagnostic value.. 

L Normal Anatomy of the Retina 

The retina lies loosely on the chorioid, adherent neither to it nor the vit- 
reous, and firmly attached at only two places: at the papilla, where the optic 
nerve fibres pass into it, and at the ora serrata, where it is joined to the sub- 
jacent chorioid. In the healthy eye it is held in position upon the subjacent 
tissue by the pressure of the vitreous, to which is to be added the power of 
cohesion between its outer layer and the pigment epithelium, to which Haiben 
has called attention. 

The pigment epithelium belongs embryologically to the retina. It consists 
of a single layer of hexagonal cells and is firmly attached to the subjacent 
chorioid in the normal, developed eye. This explains how it is that the pigment 
epithelium remains attached to the chorioid when the retina is detached. Still 
this epithelium is also attached to the retina. Its cells send fine offshoots that 
resemble cilia between the rods and cones, so that the latter dip, as it were, into 
the cells. These offshoots contain the fine, brown retinal pigment. 

The human retina is about -3- mm thick. If we spread it out on a glass, 
an area to the side of the place of entrance of the optic nerve is to be distin- 
guished by a slightly yellowish color ; this is the macula lutea. We cannot see 
this color in the living eye under ordinary conditions, the subjacent tissue 
gives it a rather dark hue. We find a little dimple jn the centra of the macula, 
the fovea centralis. The acuteness of vision depends on the functional activity 
of this area. 

The microscopical anatomy of the retina is extremely delicate. We find 
the following layers from without inward: 1, The layer of rods and cones; 
2, the membrana limitans externa; 3, the outer granular layer; 4, the outer 
plexiform layer; 5, the inner granular layer; 6, the inner plexiform layer; 
7, the layer of ganglion cells ; 8, the layer of nerve fibres ; 9, the membrana 
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limitans interna. The first three layers together form the neuroepithelial layer, 
or the sensory epithelium, tin.- next si\ the cerebral layer. To these is to be 
added 10, the pigment epithelium. It is to be seen at once that there are three 
different layers of cells in the retina, the outer granular, the inner granular, 
and the ganglion cell layers. Between these lie numerous fibres which pass 
from within outward and act as a supporting substtince. These are Muclh-r's 
supporting or radiating fibres and are nothing else than elongated glia cells. 
Tin' nucleus of each of these cells lies in the inner granular layer, while tin- 
cells proliferate outward to the limitans externa and inward to the inner sur- 
face of the retina where they form the membrana limitans interna. 

We know very imperfectly the physiological parts taken by nil the>c layer* 
of the retina. Our only certain knowledge is that the light perceiving elements 
are the rods and cones, which acquire the necessary substances from the sub- 
jacent pigment epithelium and the ehoriocapillaris. This layer of pigment 




epithelium has been compared not inappositely to a photographic plate whii 
is always renewing itself. Of the photochemical processes that take place we 
know only the following facts: When a retina is kept in the dark a coloring 
matter accumulates in it that is extremely sensitive to light, and bleaches 
rapidly under its influence the visual purple discovered by Boll. The pigment 
in the pigment epithelium is continually changing its place; in the dark it 
tends to accumulate about the nucleus of the cell, but as soon as light enters 
the eye the granules of pigment press into the processes of the" pigment epi- 
thelium that He between the rods and cones so as to envelope these light per- 
ceiving elements. The cones of the retina contract in the light, and lengthen in 
the dark. These facts are by no means sufficient to give us an insight into the 
delicate processes that take place, hut one thing is evident: the first process 
of vision must take place in the outer layers of the retina. The light must 
pass through the entire thickness of the retina before it can reach the elements 
bv which it can be perceived. The stimulus is guided back again from this 
point through the layers of the retina and is transmitted by its innerun 
layers through the optic nerve to the brain. 
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The rod cell is divided into 1, the outer segment; 2, the inner segment; 3, 
the rod fibre which pusses through the external limiting membrane ; 4, the 
nucleus, contained in the outer granular Inver; 5, the terminal head, which 
ends in the outer part of the outer plexiform layer. The plexiform layers, 
which were formerly known as the outer and inner molecular layers, consist of 
fine, wry dense plexuses of nerve fibres. 

In the same way a cone tell is divided into 1, the outer segment : 2, the inner 
segment; 3, the cone fibre; 4, the nucleus, which is to be found just in front of 
the external limiting membrane; 5, the foot of the cone, from which fine 
terminal fibres extend and are lost in the outer plexiform layer. 

The second layer, the internal granular, consists of bipolar nerve cells, 
the outer processes of which connect in the outer plexiform layer with the 
ends of the visual cells, while their inner processes connect in the inner plexi- 
form layer with the processes of the layer of ganglion cells. 

The third layer, that of the ganglion cells, sends its axis cylinder pro- 
cesses as optic nerve fibres in the layer bearing that name to and along the 
course of the optic nerve. This layer of nerve fibres is composed of naked 
axis cylinders which do not, as a rule, receive medullary sheaths until they 
have passed through the lamina cribrosa. Medullated nerve fibres are seldom 
met with in the human retina. 

If we start now from the optic nerve and trace the nerve fibres as they 
spread out in the retina we find that those which run upward and downward 
divide and then curve about to surround the macula, while those which supply 
the medial side of the retina take a radiating course. 

In the region of the equator the retina suddenly diminishes to a single 
layer of high cylindric cells; this is the ora serrata. The part of the retina 
lying on the ciliary body is formed of only a single layer of cy.indric cells, be- 
neath which is the pigment epithelium. Farther forward the cylindric epithe- 
lium becomes flatter, and on the posterior surface of the iris the pigment layer 
and the pars iridic* retina? form only a flat lamina composed of two layers of 
cells, both of which end at the margin of the pupil. 

The macula is a transversely oval area about 4 mm to the outer side of the 
papilla with a horizontal diameter of 1.8 to 2 mm. Toward the fovea cen- 
tralis the inner layers of the retina grow thinner so as to form a deep depres- 
sion. The neuroepithelial layer in the fovea is composed wholly of cones. The 
rods appear first on the margin of the fovea and constantly grow more numer- 
ous toward the ora serrata. The fovea is composed of cones evidently for the 
perception of minute disparate points. 

The central artery of the retina is a branch of the ophthalmic, which in 
turn comes from the internal carotid, so the retinal belong to the system of 
cerebral arteries. The central vein of the retina discharges its blood through 
the ophthalmic vein into the cavernous sinus. The largo vessels of the retina 
lie in the layer of nerve fibres just beneath the internal limiting membrane and 
cause some of the nerve fibres to bulge toward the vitreous; they then break 
up into capillary networks which extend in the retina only to the outer limit 
of the inner granular layer. The entire 
vessels. 
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H, The Way in Which to Make a Diagnosis of a Disease of the Retina 

The retina of the living, healthy eye is perfectly transparent, so all that 
can be seen of it with the ophthalmoscope is the vessels and the blood con- 
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tamed in them. The only place where the retina reflects light a little more 
strongly is in the vicinity of the head of the optic nerve, where its thickness 
is greatest. The inner layers derive their nutrition from the central artery 
of the retina, the outer ones from the choriocapillaris of the chorioid. Tins 
fact makes such an impress on the diseases of the retina that we divide them 
clinically into two groups. Both vascular regions may be involved, but in such 
a case one or the other usually preponderates. 

The Most Important Diseases of the Outer Layers of the Retina and Their 
Symptoms 

It is self evident that all diseases of the retina, whether of the, outer or of 
the inner layers, cause disturbances of vision, but those of the outer layers 
cause disturbances that are so characteristic in many cases that the differen- 
tiation can be made from them. 

In the first place such patients may complain of pitting subjective sensa- 
tion* of light, such as rings, discs, sparks and flashes, which may increase with 
every incitement and are to be ascribed in part to circulatory troubles in the 
chorioid. This patient tells us that the photopsias become more marked when 
a bright light suddenly strikes his eyes after he has remained in a dark room 
for some time. Local disturbances of adaptation play a part in the produc- 
tion of such forms of photopsia. The outer layers of the retina are the ones 
which arc principally irritated by inflammatory processes, as we have seen in 
exudative chorioiditis. Little central scotomata may give the patients the 
sensation of flickering and dancing before the eyes, as for example when clear 
images alternate with indistinct and vacant places while reading. 

Another important symptom of disease of the outer layers of the retina is 
mftiitiii'rphopsia. This symptom indicates two things: that the region of the 
DACUla lute* is diseased, and that the neuroepithelial layer of the retina is 
affected. The retinal iniages are distorted. Straight lines appear to be bent 
or crooked, letters seem to be oblique, wanting in parts, or out of their normal 
position. Frequently llie symptom of micropsia is associated with that of 
inctamorphopsia ; letters look small. The explanation of this phenomenon is 
that 1 1n' light perceiving elements of the retina have been pressed apart so that 
the image of the object falls on a smaller number of percipient elements. The 
finis arid Cones can he pressed apart verv easilv bv a subretinal exudate. 

When the disease of the macula spreads, the symptom of a central positive 
I .iki's (In- place of the mctnmorphopsia. First there is a disturbance 
of the process of adaptation which deprives the affected portion of the retina 
nf a part of Its -c!i>!tivcness to light. The diseased portion feels as if it were 
btsi brightly illuminated, and the patients complain of dark spots, i.e., of 
positive scotomata, in the visual field. It is often necessary to test tin- field 
:i reduced light in order to detect such scotomata. If the disease of the 
.u'Uriii'pillicli/il layer extends farther into the retina the centrnl area finally 
BSH mn the last trace of light percept ion and the scotoma becomes absolute. 

We understand by a ring scotoma a more or less closed defect in the field 
of vision which surrounds the preserved central portion, while outside the ring 
i- soother /one lii which the vision i- intact. We meet with such ring scoto- 
mata in the chorioretinitis due to progressive myopia, in syphilitic changes in 
the fundus and in retinitis pigmentosa 

The most ptonl of disease of the outer layers of the retina is 

hemeralopia. Vision become* worse us dusk approaches because the sensitive- 
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ness cf the retina to slight intensities of light is diminished. The retina is not 
only insensitive to weak light impressions, but is more dull than a healthy one 
to bright illumination and adapts itself more slowly to weaker degrees of 
light. We suppose that in such a condition the visual substances contained in 
the neuroepithelial layer are replaced more slowly than they should be. Such 
a disturbance in the metabolism of the retina may be revealed by very different 
conditions. I have spoken already of the epidemics of hemeralopia during the 
great fast in Russia. This symptom may appear in general conditions of 
weakness, in intoxications, as in jaundice, and in the course of such infectious 
• diseases as cause a change in the composition of the blood, like malaria. 
Hemeralopia is mainly due, however, to diseases of the outer layers of the 
retina, when it is characterized by a reduction of the color sense in daylight, 
much greater reduction of the central vision in reduced light than takes place 
in healthy eyes, and an abnormal contraction of the fields of vision for white 
and for colors as darkness increases. When these symptoms are present or 
have been complained of, we must think at once of disease of the outer layers 
of the retina. 

The surest indication of a disease of these layers is furnished by the oph- 
thalmoscopic examination. The phenomenon by which these diseases are dis- 
tinguished is a pathological development of pigment in the retina. It is sup- 
posed that the pigment epithelium derives its nutrition from the chbriocapil- 
laris, and that circulatory disturbances in the latter cause nutritive troubles in 
the former, which may be completely destroyed, or may show signs of prolifer- 
ation. The pigment spreads by predilection along the vessels. In rare cases 
the pathological pigmentation of the retina may be hematogenous, the pigment 
coming from absorbed hemorrhages, but in by far the majority of cases in 
which a decolorization of the pigment epithelium is met with, together with a 
pathological pigmentation of the. retina, the diagnosis can be made of a disease 
of its outer layers, and the only question to decide is what the disease may be. 
The principal diseases that come under this category are: 1, the various 
forms of chorioretinitis, and, 2, retinitis pigmentosa. These need to be differ- 
entiated. 

When we look into the eye of this patient we find patches of decolorization 
with pigmented edges scattered very diffusely over his fundus. The pigment 
of the pigment epithelium has disappeared over large areas, while in other 
places it is massed in separate heaps, or it may be arranged in the form of a 
network. The black heaps of pigment have been pressed into the retina and 
cover the vessels in some places. In other places, where the pigment epithelium 
has been destroyed and the chorioid is visible, the vessels of the latter are strik- 
ingly altered and appear in the form of white or whitish yellow cords. The 
retinal vessels course over these diseased places in the chorioid. In fresh cases 
of chorioretinitis we also find opacities in the vitreous because these exudates 
break through the retina. 

The Most Important Diseases of the Inner Layers of the Retina and Their 

Symptoms 

The ophthalmoscopic pictures presented by diseases of the inner layers of 
the retina vary a great deal. The principal diseases that have to be taken into 
account are: 1, retinal hemorrhages; 2, occlusion of the central artery; 
8, occlusion of the central vein; 4, white spots in the retina and the various 
forms of the so called retinitis. For didactic and diagnostic reasons it is 
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desirable to decide first whether the affection is of the outer or of the inner 
layer* When we have to deal with ii disease of the retina, and it suffices to say 
that the symptoms and the ophthalmoscopic picture indicate that this patient 
is suffering from B disease of its outer layers. Taking tin's as a starting point 
we can become acquainted with the various diseases. 



178. Pigment Degeneration of the Retina 

We have made two tests of the visual field of this patient, one with bright, 
the other with reduced light, and the difference between them is very striking. 
In clear daylight the extent of the field of vision is approximately normal, 
while it is greatly and concentrically contracted in reduced light, or in the dusk. 

The patient tells us that his vision has been very had in the twilight ever 
since early childhood, and that his condition has gradually grown worse until 
now he can no longer see to go about alone in the evening, although lie can 
still take his walks in the bright sunshine. This sort of visual disturbance is 
known as hemeralopia. 

With the ophthalmoscope we find that the entire periphery of the fundus 
is covered with a network of pigmented spots which form very delicate figures. 
They are stellate, jugged and resemble bone corpuscles. The heaps of pig- 
ment are united by their offshoots into a complete network within which larger 
heaps of pigment may he present. 

If we examine this pignieniation of the retina rather more carefully we 
find two marked symptoms. One characteristic of this degeneration of the 
retina is that it always begins at a distance from the papilla and macula. In 
most cases and in the initial stage we find the pigment at the outermost per- 
iphery of the fundus, whence in the course of decades it slowly and surely 
encircles the papilla and macula until it finally reaches their vicinity. Or a 
zone of pigment may develop in the region of the equator of the globe which 
gives rise to n ring scotoma, but even then the macula and papilla are exempt. 
Exceptional cases have been met with in which the pigment started from the 
papilla and surrounded the macula, following the central vein. This peculiar 
and characteristic change of pigmentation of the fundus suffices for the diag- 
nosis: pigment degeneration of the retina, commonly called retinitis pigmen- 
tosa. How can we decide that this is really a disease of the retina and not a 
chorioiditis? By means of the second peculiarity of this retinal pigmentation. 
Close relations exist between this pigmentatio 
prove these masses of pigment to be really i 

can be seen that the pigment is proliferated along the vessels anil partially 
covers them, so that they can be seen as black, branching lines. It must be 
supposed that the fine branched figures are nothing else than the pigmented 
walls of the partly obliterated, small vessels and capillaries of the retina. 
Aside from the pigmentation this disease is characterized by an early nnd 
marked contraction of the retinal vessels. They are difficult to detect in the 
periphery and are very small on the papilla. Signs of atrophy accompany the 
proliferation of the pigment. Large bright spaces appear together with the 
pigmentation, in which the pigment epithelium has been decolorized, or has 
been destroyed, especially when the disease has lasted for many years. In 
these places the chonoid can be seen to be no longer normal; its larger vessels 
appear to he white or yellowish, because of a process of sclerosis. Lack of 
pigment may exist in the intervascuiar spaces, together with an abnormal heap- 
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ing of pigment, so that the bright sclera shines through. Aside from these 
typical symptoms we sometimes find colloid deposits on the vitreous lamella in 
the form of small, lustrous white spots, but it is rarely that they occur at the 
margin of the papilla. 

When the disease is far advanced grave changes may be found in the 
optic nerve, which loses its normal appearance fairly early. Its margins 
become indistinct, but the principal change is a peculiar yellowish gray color 
which is very characteristic. This is the so called yellow atrophy of the optic 
nerve. The atrophy of the papilla is shown primarily by the vessels. Both 
arteries and veins are so very small that they cannot be distinguished from 
each other. The number of vessels likewise decreases and finally they can. 
scarcely be traced a short distance into the retina. 

Pathology of Retinitis Pigmentosa 

Although we are justified clinically by the appearance of the pigmentation* 
in the supposition that this is a disease of the outer layers of the retina, yet 
the pathological investigation shows that the chorioid also is involved, and it 
is indeed rather probable that the disease of the latter membrane is primary. 
Adhesions exist in many places between the chorioid and retina, and there are 
changes in both the larger and the smaller chorioidal vessels, the walls of 
which are hyaline, swollen and thickened. Numerous colloid thickenings of the 
vitreous lamella of the chorioid are present. The pigment epithelium is atro- 
phic in some places, greatly proliferated in others. 

The greatest change is found in the structure of the retina, the nervous 
elements of which are absent, so that the entire membrane has undergone con- 
nective tissue degeneration. The layer of rods and cones is almost completely 
wanting and only slight traces are demonstrable of the outer granular layer. 
We find abundant proliferation of connective tissue everywhere. The layer of 
nerve fibres resists the longest, but as soon as the ganglion cells are destroyed 
the axis cylinders belonging to tjiem must degenerate. We also find a great 
hyaline thickening of the vessels of the retina, which are completely obliterated 
in places. 

The pigmentation of the retina comes without doubt from the pigment 
cells which enter it by proliferation and migration, chiefly at places where ad- 
hesions exist between the two membranes. As long as the membrana limitans 
externa is intact the proliferation of pigment is delayed, but as soon as it is 
destroyed the pigment • cells penetrate even into the. innermost layers of the 
retina. The pigment accumulates by predilection in the lymph sheaths of the 
vessels in the layer of nerve fibres. In other places the heaps of pigment lie 
in hollow spaces that have been formed in the atrophic tissue. Thus the pig- 
ment degeneration of the retina represents a chronic interstitial proliferation 
of connective tissue in all the layers of the membrane, in which the nervous 
elements are destroyed by atrophy and the pigment wanders into the retina 
from the pigment epithelium. 

Clinical Course of Retinitis Pigmentosa 

* 

The firat symptom is hemeralopia. This may exist for a long time before 
the contraction of the field of vision in reduced light causes any trouble. The 
peripheral portions of the retina become less sensitive at first, in harmony with 
the fact that the pigmentation commences in the peripheral parts in the 
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typical cases, but we must not conclude from this that there is any fixed ratio 
between the quantity of pigment and the degree of atrophy of the retina, A 
very marked contraction of the field of vision may be present with a slight 
development of pigment, and cases are met with in which the disease runs its 
course without any pigmentation; these we call cases of retinitis pigmentosa 
sine pigmcnto. The clinical symptoms are exactly the same as in degenera- 
tion of the retina with pigmentation, and there are numerous transitional cases 
between these two groups. At first the disease causes little trouble aside from 
the hemeralopia. The patients seldom complain of photopsias, they are more 
apt to suffer from dazzling. The central vision remains good for many years, 
even for decades, but the visual field gradually grows smaller. A ring scotoma 
is met with, according to my experience, more often than was formerly believed. 
In other cases the contraction of the field of vision is concentric from the first. 
Gradually a time arrives when the patient is still able to read the finest print 
in good daylight and yet is unable to go about alone in the evening. The situa- 
tion of such patients can be easily simulated by looking through two small 
tubes held in front of the eyes. The patients can only grope about. 

Both eyes are affected in the great majority of cases, yet a pigment 
degeneration in only one eye has been met with. Males seem to be more pre- 
disposed to the disease than females. The central vision gradually fails and 
it is exceptional to find good visual acuity with a high degree of concentric con- 
traction of the field of vision. This can be readilv understood, for we have seen 
that an ascending atrophy of the optic nerve is finally developed which leads to 
amaurosis. 

Etiology of Retinitis Pigmentosa 

This is another obscure problem ; we only know that the predisposition to 
the disease is congenital. We meet with cases of congenital amaurosis from 
attophy of the retina* in which we find immediately after birth only slight 
ophthalmoscopic changes, but during the first year of life a rarefication of the 
pigment epithelium takes place and an increasing pigmentation of the retina 
can ho observed. Finally the signs of yellow atrophy appear in the papilla 
and the vessels become very small. 

In the majority of cases the clinical signs of pigment degeneration, hemer- 
alopia and contraction of the field of vision, first become evident during or 
after childhood. Clinical experience has shown that either consanguinity of 
the parents or heredity is present in a large percentage of the cases. In others, 
the development of the disease has been ascribed to infectious diseases, such as 
congenital or acquired syphilis, when we may suppose that they caused the 
congenital predisposition to manifest itself. In my opinion our material must 
be revised anew by the aid of biological serum reactions. Hess and I have 
found substances in the normal serum which are able to destroy the elements 
of the retina bv direct contact. If we float the retina of an ox in salt solution 
the terminal segments of the rods drop off. If some drops of the serum of the 
same # animal are then added to this suspension of the rods the latter are aggluti- 
nated in a manner analogous to that of the agglutination of bacteria. Such 
substances as lysine, which dissolves the rods, are demonstrable in the serum. 
These substances an* separated from the sensitive elements of the retina in the 
living eye only by the walls of the capillaries and the pigment epithelium. 
Further than this wo know nothing of the way in which the degeneration of the 
retina is brought about. The congenital nature of the disease is also indicated 
by the fact that congenital defects of the nervous system, as well as malfor- 
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mations of the eyes and of the limbs, arc often associated with the pigment 
degeneration of the retina. Wilbrand and Sacnger have met with a status 
nervosus in most of these cases, which is shown by defective intellectual ca- 
pacity, idiocy, signs of faulty physical development, epilepsy, deafmutism, or 
impaired hearing power. Other congenital faults of development that may 
accompany the disease are microphthalmos, keratoconus, ectopia of the lens, 
persistent hyaloid artery, and I wish to call particular attention to the fre- 
quent occurrence of posterior polar cataract which usually remains stationary. 
Still other congenital faults that may be met with are polydactylia, pes varus 
and hare lip. 

Prognosis and Treatment of Retinitis Pigmentosa 

The prognosis is bad. Occasionally the disease stands still for a long time, 
but the final result is amaurosis, due to the atrophy of the optic nerve. Thera- 
peutically we are impotent. We may secure a temporary enlargement of the 
field and improvement of vision by injections of strychnine, after which the 
disease resumes its progress. 

The typical clinical picture is easy to recognize. The hemeralopia, the 
concentric contraction of the field of vision, the condition in the fundus as 
revealed by the ophthalmoscope, the beginning of the disease in youth and its 
slowly progressive course, taken together form so peculiar a symptom complex 
that it cannot be mistaken, and yet a differential diagnosis must be made. 

This pigment degeneration of the retina must be differentiated from dis- 
seminated chorioiditis, which is also a diffuse disease characterized by discrete 
circumscribed spots in which a decolorization of the fundus can be perceived 
together with black spots of pigment. These spots in chorioiditis are roundish, 
are scattered about irregularly and blend with each other. The heaps of pig- 
ment are more lumpy, not as delicate as those in pigment degeneration, but the 
main point of difference is that the pigmentation in chorioiditis does not show 
such marked relations to the retinal vessels. The pigment lies behind the vessels 
and does not follow along their courses. It is true that these foci may also 
result in a pigmentation of the inner layers of the retina which may exhibit a 
great deal of similarity to that of pigment degeneration, but even then the dis- 
seminated foci can be recognized. The differentiation may frequently be made 
by the test of the field of vision. We must also remember that we have a 
retinitis pigmentosa without pigmentation, in which we have the same symp- 
tom complex, hemeralopia, progressive contraction of the field of vision and 
finally atrophy of the optic nerve. Both forms may appear in the same family, 
so we must look upon them as the same disease, of which the pigmentation is 
only one symptom. Further, there are cases in which the disease begins as 
the retinitis punctata albescens described by Fuchs, in which we find numerous 
large and small bright points in the periphery and a characteristic pigmenta- 
tion subsequently develops, as shown by a case that was under my observation 
for years. It is of less practical interest to us that very rare cases of con- 
genital pigmentation of the retina are met with in which there is no impairment 
of the vision. On the other hand it is important that we should know that 
relations exist beyond a doubt between pigment degeneration and glaucoma 
which are primarily to be ascribed to arteriosclerosis. There can be no doubt 
that the sclerosis of the vessels in the eye is a very important factor in the 
etiology of glaucoma. 
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179. Retinal Hemorrhages as Diagnostic Guides in General Diseases 

Every retina] hemorrhage is simply a symptom of sonic other disease, and 
our duty in diagnosis is not complete when it has been recognized. The 
ophthalmoscope is necessary for its recognition, and this instrument is one 
that should be used not by the specialist alone, but much more commonly than 
it is by the general practitioner. 

I. Ophthalmoscopic Appearance of Retinal Hemorrhages 

When we see a retinal hemorrhage it is natural that we should ask first 
whether it is of arterial or venous origin, but this is a matter of little practical 
importance. We mav assume it to be arterial when it is in immediate prox- 
imity to an artery. Very often we arc unable to determine whether it is arte- 
rial or venous, for its color is apt to change and is dependent on the compo- 
sition of the blood. 

The form of the hemorrhage is of more interest. Hemorrhages may be 
punctate, when we suppose them to be capillary, they may be roundish, 
splashed, or tongue shaped, or quite a lake of blood mav be formed. Their 
number is likewise extremely variable. The situation in which they are found 
most frequently is near the papilla, but it is a matter of the greatest impor- 
tance when the macula is involved, as such hemorrhages cause the greatest 
amount of visual trouble. Hemorrhages in the macula are common in high 
myopia and in senile changes due to arteriosclerosis. 

Next we need to determine in what layer of the retina the hemorrhage is 
situated. As the retinal vessels He in the layer of nerve fibres a hemorrhage 
indicates a disease of the inner layers. Elongated, spindle shaped, or ribbon- 
like hemorrhages are usually situated in the layer of nerve fibres, have an 
arrangement corresponding to that of the bundles of nerve fibres, and are apt 
to look fcazed at the edges. When a blood vessel appears to be swollen and spin- 
dle shaped the hemorrhage is at least partially in the vessel sheath. A hemor- 
rhage on the inner surface of the retina may distend the limitans interna. When 
it is of a round or irregular form it is usually situated in the middle or deeper 
layers into which it may penetrate. The blood can also percolate completely 
through the retina and spread out between it and the vitreous, so as to form a 
preretinal hemorrhage, which is usually situated in the njaenla and has a 
round or oval form that is characteristic. It is only in rare cases that these 
preretinal hemorrhages are found in other places, as for example, on the 
papilla. After a while the blood sinks and the disc acquires a horizontal upper 
line of demarcation. Whitish places appear in the mass of blood which consist 
of white blood cells or of crystals. The causes of preretinal hemorrhages are 
injuries, nephritis and anainic conditions. Sometimes the blood breaks through 
the hyaloid membrane and enters the vitreous. 



II. Further Steps in the Diagnosis 

Our second ophthalmoscopic duty is to learn whether the retinal hemor- 
rhage is the only demonstrable change in the fundus, or whether other morbid 
conditions can be found in the papilla or retina. If we find, for example, a 
choked disc, or some form of retinitis, we need to pay no further attention to 
the hemorrhage, for our diagnostic thoughts are immediately guided in another 
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direction. Our duty is to diagnose the disease that is present and to proceed 
from that. 

IH Etiology of Retinal Hemorrhages 

When hemorrhages are present without other changes in the retina we have 
to ascertain their cause. The ultimate cause of such a hemorrhage must be 
either a congenital, or an acquired fault of the blood, or of the walls of the 
vessels. 

. a. Congenital Faults of the Walls of the Vessels and of the Blood 

Haemophilia forms the only congenital predisposition to troubles of this 
nature. 

b. Retinal Hemorrhages Due to Acquired Faults 

The most varied kinds of retinal hemorrhages are met with after injuries^ 
not only direct solutions of continuity by perforating wounds and after con- 
tusions, but also after severe compressions of the thorax, such as are met with 
in railroad accidents. They are to be found very often in infants just after 
birth. E. v. Hippel found them in no less than 10 out of 24 eyes. They may 
be caused by the change in circulation that takes place at birth, but more cer- 
tainly by the increase of pressure to which the child's head is subjected. As a 
rule, they disappear in a short time without having caused any harm, but it 
is more than probable that in many cases a subsequent amblyopia is to be 
ascribed to the injury of the sensitive elements by such hemorrhages, even 
though no gross lesions can be seen. 

Local changes in the eye itself may be productive of retinal hemorrhages. 
In glaucomatous conditions the venous engorgement may cause an escape of 
blood from vessels that are predisposed to rupture. For instance, if an iridec- 
tomy is performed on such an eye the sudden reduction of tension may result 
in a hemorrhage. 

Vascular changes form by far the commonest cause of retinal hemorrhages ; 
in these cases we have to search out the source of the change in the vessels. 
We have to take into account a number of toxic conditions, such as chronic 
lead poisoning, phosphorus poisoning, carbonic acid poisoning, and poisoning 
with nitrobenzol, hydracetin, roburit, snake venom, or extractum filicis maris. 
The changes caused in the walls of the blood vessels by infectious diseases are 
of greater importance than these. Retinal hemorrhages, both in the pe- 
riphery and at the posterior pole, have been observed repeatedly during the 
febrile attacks of malaria, in typhoid fever, influenza, and miliary tuberculosis, 
while they are rarely met with in syphilis, except in combination with other 
changes, such as papillitis or optic neuritis. 

Retinal hemorrhages also occur in the hemorrhagic diatheses, in purpura, 
scurvy, and morbus maculosus Werlhofii. They are also met with in anamic 
conditions. After grave losses of blood from ulcers of the stomach, or from 
the intestines, we often find hemorrhages in the retina which may be either 
punctate, or extensive, with impairment of the vision. They are very rarely 
seen in chlorosis; Pagenstecher found them in only 3 out of 246 patients, i.e., 
in iyo% of the cases. They form, on the contrary, an almost constant symp- 
tom in pernicious anosmia, one which is of great diagnostic .importance. In 
this disease they are usually situated about the papilla. The white spots that 
are frequently to be seen in them arc not characteristic, as they are often 
found in hemorrhages from other causes, especially in those of leucaemia. As 
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soon as they reach the macula they produce visual troubles, while otherwise 
they may readily escape observation, and they may be so great as to destroy 
the eye. A short time ago I was obliged to enucleate the eye of a man suffer- 
ing from pernicious amvmia because of a very severe intraocular hemorrhage 
with glaucoma. Such amrmic hemorrhages may also take place after infection 
xcith anchylostomata. Xieden found them in 8% of the cases of this disease 
among miners. The botriocephalus latus can also cause anaemia with retinal 
hemorrhages. They are very common in leuccemia, a disease in which they are 
usually situated in the layer of nerve fibres. 

A form of hemorrhage met with in young people is that known as recurrent 
hemorrhages into the vitreous. A darkening appears in one or both eyes of 
such individuals without apparent cause. We examine and find an extensive 
hemorrhage into the vitreous which came originally from the retina. These 
hemorrhages have certain characteristic features. They occur in young per- 
sons, usually between the ages of 15 and 25, chiefly in males, and they recur. 
The cause is still unknown. Anamiic conditions or tuberculosis may be present 
sometimes without being responsible for the hemorrhages. The resorption of 
the blood is much more rapid than that in other forms of hemorrhage into the 
vitreous, so an entirely different process must prevail. Although formerly the 
source of these recurrent hemorrhages was supposed to be in the vessels of the 
ciliary body, the more recent observations of Fuchs, Scheffels and others have 
proved that they come from the veins of the retina. The patients frequently 
state that they are quite subject to nosebleed. An entirely different class of 
cases of recurrent hemorrhages into the vitreous is that due to gout and 
anomalies of menstruation. The prognosis in the hemorrhages of young people 
is fairly good. Repeated attacks may result in the formation of membranes 
in the vitreous, retinitis proliferans, or glaucoma, but these complications are 
more apt to occur in older persons. 

AH of these causes can be excluded in this patient in whom we find a well 
marked arteriosclerosis. This is the most common of all the causes of retinal 
hemorrhage and should be the first to be thought of when such a condition is 
seen in the fundus. The hemorrhages due to arteriosclerosis are met with in 
four forms: 1, Numerous hemorrhages scattered about in the retina with white 
spots between them: 2, Hemorrhage particularly in the macula; 8, the so 
called retinitis hemorrhagica, i.e., thrombosis of the central vein, which is very 
often due to arteriosclerosis; -k occasionally, hemorrhages altogether in the 
vitreous. 

Such hemorrhages as we sec in this patient may undergo quite a number 
of changes. They may be resorbed and the larger ones may leave behind 
white patches, but it is seldom that they cause a pigmentation. In many cases 
we have much less to do with fresh hemorrhages than with their consequences. 
In this case of retinitis prolifcr*t*s the papilla is almost entirely covered by 
bluish white masses that project in part into the vitreous and are composed 
of an extensive proliferation of connective tissue. We can see in such cases 
that the masses of connective tissue usually send offshoots into the vitreous. 
The vessels appear at the margins of the mass. The ophthalmoscopic picture 
varies, but the masses of connective tissue arc almost always connected with 
the papilla. This retinitis proliferans is to be ascribed to hemorrhages that 
have become organited into connective tissue. 

If 1 have succeeded in impressing the fact that a spontaneous retinal 
hemorrhage calls for a general examination of the entire organism, especially 
of the blood ami urine* I have attained my purpose. No special skill with the 
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ophthalmoscope is necessary to detect such a hemorrhage, and its timely recog- 
nition contributes to place us on the track of the general disease. 



180. Arteriosclerosis in the Fundus and Occlusion of the Central 

Vein 

This aged patient complains that he has suffered for a long time from tin- 
nitus aurium, attacks of dizziness, a feeling of constriction at the epigastrium* 
palpitation of the heart, loss of hearing, insomnia and weakness of memory. 
A few days ago he noticed a rapid loss of vision in his right eye. This is a case 
of retinal hemorrhage due to arteriosclerosis. Whether the age and the asso- 
ciated troubles indicate the presence of this disease in such patients, or whether 
we arrive at the diagnosis by the exclusion of other causes, we must know how 
arteriosclerosis of the retinal vessels appears ophthalmoscopically. 

Various pathological processes take place in the vessels of the retina. We 
find a thickening of the walls of the arteries, especially of the intima, and 
degenerative changes, such as fatty degeneration, sclerosis and calcification of 
the vessel wall, as well as inflammation and proliferation. 

Changes That Are Visible with the Ophthalmoscope in the Vessels of the 

Retina in Arteriosclerosis 

The first sign of arteriosclerosis of the retinal vessels is a broadening anC 
a tortuosity of the arteries. Such a tortuosity of the retinal arteries as we 
find in patients between 45 and 50 years of age is due to a loss of elasticity in 
their walls. Pulsatory movements within them may be seen in marked cases. 
The changes in the walls of the vessels that are visible with the ophthalmoscope 
are of great diagnostic significance. Under normal conditions the walls of the 
retinal vessels are perfectly transparent, so that ordinarily we see only the 
columns of blood within them, and it is only in the upright image that they may 
be seen as narrow whitish lines along the sides of the blood columns. One of the 
most important changes to be seen in arteriosclerosis is a white margin to the 
arteries caused by the thickening and opacity of their walls. This must be 
differentiated from a whitish sheathing of the vessels which is a congenital 
anomaly, in which the narrow, lustrous striae that accompany the vessels are 
to be considered as continuations of the connective tissue of the lamina cribrosa. 
Another arteriosclerotic change in the walls of the retinal vessels is that the 
arteries seem to be transformed into white bands that often appear to be 
bloodless and can be seen in the upright image to contain only very minute 
columns of blood. In these cases there is also a hyaline degeneration of the 
thickened vessel wall. 

A third peculiarity is a narrowing of the artery in places, or circumscribed 
thickenings of the wall, when certain parts of the blood columns can be seen 
to be very small. This contraction of the lumen of the vessels is due to endar- 
teritis; an opacity of the vessel wall need not be visible. In rare cases little 
glistening points may be seen, which are due to deposits of lime or of choles- 
terin in the thickened adventitia of the arteries. 

The symptoms in the veins are quite analogous. The veins may be broad 
and tortuous, may have white margins, or may be transformed into white cords, 
and we find in them, even more frequently than in the arteries, circumscribed 
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constrictions of the lumen with nodular swellings of the wall. Sometimes we 
find the arteries, sometimes the veins to be the more affected, but often the 
changes in both systems of vessels are uniform. Sometimes the angiosclerotic 
affects only very circumscribed areas of the retinal vessels, sometimes the 
changes are confined to one eye. These alterations in the vessels may lead to a 
series of complications. 

Ophthalmoscopic Picture of Thrombosis of the Central Vein 

The first symptom is that the boundary line? of the optic nerve cannot be 
distinguished, because of the cloudy swelling of the tissue, and especially 
because they are covered by the masses of hemorrhage which form the second 
phenomenon characteristic of thrombosis of the central vein. The hemorrhages 
are lumpy or striated, are dark red or black, and usually lie over td. 
Little round ones may also be seen which hang like grapes in bunches. Between 
the hemorrhages may be seen in some places gray or whitish opacities of the 
retinal t issue. 

The third symptom is the appearance of the vessels. The arteries seem to 
be very small, while the veins are extremely dilated and tortuous. The columns 
of blood are broadened and have a black red color. Sometimes such a vein 
disappears in a great lake of blood, or is covered by the opaque tissue of the 

The question may arise whether it is the main trunk of the vein, or only a 
branch that is thrombosed; in the latter case the hemorrhages are to be found 
only in the area to which the branch is distributed. 

After the condition has lasted some time the small hemorrhages become 
absorbed, but changes of color that are visible with the ophthalmoscope gradu- 
ally appear in the larger one?, caused by the transformations the I 
blood are undergoing. It is rarelv that a dark patch of pigment takes the 
place of the hemorrhage, usually white spots appear in the middle of the ex- 
travasation of blood, which are formed by the white corpuscles, and delicate 
formations of crystals may also be observed. Anastomoses form in the course 
of the thrombosis, and occasionally suffice for the preservation of a. little 
vision. These anastomoses form delicate convolutions of vascular loops, which 
remind one by their appearance of the glomeruli of the kidney, situated am 
ally on the papilla, hut sometimes in the retina itself. Such massive hemor- 
rhages can appear, according to Harm*, only when the branches of tin rein an 
still relatively healthy in comparison with the occluded trunk, which opposes 
only a little resistance to the engorging blood. If the walls of the branches 
of the vein are sclerosed and thickened the vein- have previously become thinned 
and the hemorrhages have more the appearance of splashes. 

Such an occlusion of the central vein may be a marantic thrombosis, in 
which the thrombus is formed in a lumen which previously was freely open, or 
it may la- due to a primary disease of the vis-el wall in the form of an eiido- 
phlehitis. which by it- proliferation causes occlusicn of the vessel. The disease 
of the wall of the vein need not Ik- of high degree, an insignificant injury of the 
endothelium may suffice to cause a t hrombo-i-. 

Thrombi in the central vein may lw situated in the retina, in or behind the 
iribrosa, or further hack, at some distanci from the eyeball. The for- 
mation of thrombi is naturally favored when obstructions to the flow are 

present in the Vell.uts |j -tern. 

The prognosis of occlusion of the eentr.il vein is bad. an improvement of 
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the vision has seldom been observed. More often new hemorrhages appear, 
when the patient believes from his subjective sensations that he is improving. 
Glaucomatous conditions supervene and destroy the last trace of vision in quite 
a few cases. Occlusion of the central vein is met with chiefly in old people who 
are suffering from arteriosclerosis, heart disease, hypertrophy of the left ven- 
tricle, and emphysema of the lungs. We can do nothing more than to confine 
ourselves to the general treatment of the arteriosclerosis. 

181. Occlusion of the Arteria Centralis Retinae 

When this patient woke up yesterday morning he discovered that his right 
eye had become totally blind during the night, although he had never known it 
to be diseased. 

We find the right optic nerve to be abnormally pale. The larger arteries 
have become slender threads, the smaller ones cannot be seen. The veins on 
the contrary are rather small only on the papilla itself. The entire retina 
about the papilla, as far as the macula and beyond it to the peripheral parts 
of the fundus, appears cloudy and milky white. Another characteristic phe- 
nomenon is a bright, almost cherry red spot in the macula. This is the typical 
picture of an occlusion of the central artery of the retina. 

When the central artery is obstructed either an insufficient quantity of 
blood, or none at all, can any longer enter the vascular system, the arteries 
must appear to be small and the papilla pale, and it can be readily appreciated 
that such a sensitive and highly organized membrane as the retina will suffer 
from a disturbance of its nutrition and become cloudy. How the red spot in 
the macula comes to exist is a question concerning which there has been much 
dispute. It may be due in part to little hemorrhages, to a retinochorioiditis, 
and to the yellow pigment of the macula, but there is no doubt that in most 
cases the red of the chorioid shines most distinctly through the retina which 
is quite thin at the macula and is made to appear still brighter by contrast 
with its surroundings. In addition to this the cerebral layer of the retina, in 
which the cloudiness is situated, is absent at the macula. 

It was supposed for a long time that the cause of this clinical picture was 
an actual embolism of the central artery, but now we know from numerous 
clinical observations and anatomical researches that a true embolism, by which 
is meant an occlusion produced by a plug driven into the artery by the circula- 
tion, is extremely rare, and that most of the cases originate in a different way. 
I shall not speak of the cases in which the optic nerve is lacerated by injuries 
in front of the place of entrance of the central vessels, or in which the central 
artery is compressed within the trunk of the optic nerve by tumors. Far more 
often the causes are thrombotic processes in the central artery excited by 
degenerative changes in the walls. 

A thrombosis has been observed to extend into the central artery of the 
retina and to cause sudden blindness after ligation of the common carotid, but 
in most cases the occlusion is due to a primary endarteritis proliferans of the 
wall of the artery, in which the lumen is contracted by a progressive prolifera- 
tion of the intima. Although at first the blood continues to be pressed through 
the narrow lumen, yet occasionally the walls may touch each other when the 
blood pressure falls, and the current of blood may be interrupted when the 
tonicity of the vessel is increased. 

How can we distinguish clinically whether the case is one of true embolism, 
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or of endarteritis proliferaas? We must always determine what indications 
point in tlu one cause and what to the other without regard to the rarity ml 
true embolism. 

We first note whether the retinal vessels refill with blood soon after the 
occlusion, as frequently happens. We suppose that the restoration of the cir- 
culation la made possible by a retrogression uf the endarteritis prolifcrans. 

A point is made against embolism when we cannot find a source from which 
tlie supposed embolus could have come. According to Krm no cause for the 
embolus can be found in 66.3'/c of the cases, so that a local disease in the 
art. r_v b probable in the great majority. In many such cases no embolus could 
be found in the subsequent microscopical examination of the eye itself, which is 
additional evidence that the occlusion was really produced by an endarteritis 
prolifcrans. We may also he able to diagnose an endarteritis rather than an 
embolus when we are able to see that the walls of the vessel are diseased, either 

just after tlie occlusion, or at a later time. 

Finally, we arc compelled to suppose endarteritic proliferations to be 
present when temporary obscurations of vision, or even blindness, take place 
with the ophthalmoscopic picture of embolism. I have seen a patient, who bad 
almost total blindness of both eyes with the picture of embolism, in whom per- 
fectly free circulation was restored and tlie central artery did not become finally 
occluded until a year later. 

According to the researches of Harms the diagnosis of a true embolism i*. 
justified only when we can exclude a primary disease of the wall, when a defect 
of the valves of the heart, or some other plausible condition of disease can be 
demonstrated as its probable or possible cause, and when signs indicative of * 
thrombotic occlusion of the artery are not present. 

We find ourselves in the same position when not the trunk, but a branch of 
the central artery is occluded. This so-called embolism of a branch is more 
common than that of the main trunk of the artery. We can usually explain the 
clinical symptoms just as well by the assumption of an endarteritis proliferans 
as by that of an embolism. It would seem as though it must be easier to actu- 
ally see the embolus when it is in a branch, than when it is in the trunk and 
may be situated within the nerve itself, but often it cannot Ik- decided with 
certainty whether a certain little yellow spot is to be considered an embolus 
a thrombus, or a thickening of the wall. We may now and then suppose it to 
be a true embolus when we learn, by testing the field of vision, that the function 
of the affected area is permanently lost, because the arteries of the retina do 
not anastomose. A case like this calls for an examination not alone of the eye, 
but of the entire body. Sudden blindness from occlusion of the central artery 
is one of the many manifestations of arteriosclerosis that we meet with in 
eye. 

The clinical course varies according to the cause and the duration of the 
occlusion of the vessel. Occlusion of the central artery of the retina ramify 
leads to total amaurosis of the eye, but eases are met with in which the sudden 
blindness passes awny and a high degree of amblyopia, or an amaurosis, de- 
velops later. It may also happen that the vision is completely restored in spite 
of the sudden blindness. In such eases sufficient room is made by the disten- 
tion of the vessel, or the retrogression of the occlusion, for a small column of 
blood to pass and to restore its function to the retina. To these are to be added 
the cases in which only a portion of the vision is restored after a blindness which 
is at first total. To understand these eases I must recall to mind that we meet 
with vessels in the retina which come not from the central artery, but from tlie 
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system of ciliary vessels. These are the cilioretinal vessels. We recognize 
them by the fact that they bend about like hooks in the vicinity of the papilla 
and disappear into the retina. In such a case the nutrition of a portion of the 
retina is derived from these cilioretinal vessels, and the region between the 
papilla and the macula retains its functional power. Even when these vessels 
are absent a portion of the vision may be preserved. A branch of the central 
artery may have been given off above the place where the trunk has become 
occluded and may pass into the retina at the margin of the optic nerve. 

Occlusion of the central artery is almost always confined to one eye; cases 
in which both eyes are affected are extremely rare. Many operative attempts 
have been made to reduce the tension of the eye and so to promote the entrance 
of blood into the arteries, such as paracentesis of the anterior chamber and 
iridectomy. Mauthner recommended massage of the eye, but generally the 
prognosis of occlusion of the trunk of the central artery is bad. 

Elsewhere in the body tissue that is completely deprived of its supply of 
blood becomes gangrenous, but this fs not the case with the retina. The cloudi- 
ness of the latter lasts a few days and then undergoes involution, leaving the 
membrane again transparent, but incapable of function. Atrophy takes place 
simultaneously with a hypertrophy of the connective tissue. As the cloudiness 
of the retina subsides the red spot in the macula becomes more indistinct and 
the normal red of the fundus reappears. The fact that the retina has become 
atrophic is shown mainly by the papilla, which continues to be pale and finally 
becomes white, while its vessels are like threads and often appear to be accom- 
panied by white striae. When opportunity offers to follow such a case system- 
atically noteworthy observations can be made on the retinal vessels. Their 
fullness may improve some days after the occlusion, or the blood columns may 
break up into little separate cylinders which make slight rhythmic movements 
in the direction of the blood current. 



182. White Spots in the Retina as Signs of Different General 

Diseases 

This patient tells us that he has always felt well, but the ophthalmoscopic 
examination has revealed hemorrhages and numerous glistening white spots in 
his retina, which indicate to us that he is suffering from a serious general 
disease. 

1. Is the Lesion in the Retina or the Chorioid? 

Both the retina and the chorioid are involved in many morbid processes, 
when the changes are said to be chorioretinitic, but it is not difficult, as a rule, 
to determine in which membrane the lesion is situated when we take the follow- 
ing points into account. 

Fresh lesions in the chorioid are not brilliantly white, but yellow or reddish 
yellow. When they are older they look white because the sclera shows through 
in consequence of the atrophy of the tissue of the chorioid and of the pigment 
epithelium, but then we find more or less pigmentation, as a rule, at the margin 
of the spot. If in addition the vessels of the retina pass over it, its situation is 
indicated as being in the chorioid. Difficulties can arise only in the differential 
diagnosis of miliary tuberculosis and sepsis, when round, whitish spots without 
hemorrhages may be present. 
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2. Differentiation of White Spots from Medullated Nerve Fibres 

Thus we come to the conclusion that the white spots are situated in the 
retina of this patient. The next question is whether they are pathological. 
This is answered by the great impairment of vision and the accompanying 
hemorrhages, but if these were not present the spots should not be mistaken for 
the medullated nerve fibres that are occasionally met with under normal con- 
ditions. 

The fibres of the optic nerve normally lose their medullated sheaths at the 
lamina cribrosa, but it happens exceptionally that individual bundles retain 
their medulla for a distance into the retina. Then we see at the margin of the 
papilla, usually above and below, white tufts, in the radiating or fibrous stria- % 
tion of which we can recognize the arrangement of the nerve fibres. The optic 
nerve is not diseased in such a case, as is shown by the fact that its color is 
normal and its margins sharply defined everywhere that the medullated fibres 
are absent. The entire papilla is covered By the medullated fibres only in rare 
cases. The medullated nerve fibres themselves may be distinguished from the 
morbid white spots indicative of general disease by the fact that they are 
feazed along their margins, corresponding to the courses of the nerve fibres, 
and so form a flamelike figure. The vessels of the retina are partly visible be- 
tween these fibres, partly covered by them. They are of such little consequence 
that they are never discovered except by accident. At the most they can only 
increase the size of the blind spot. It is evident that the development of med- 
ullated nerve fibres is due to a congenital anomaly, for such eyes frequently 
display other congenital faults, such as the formation of a posterior staphy- 
loma. It is only under one condition that they can be mistaken for patches 
of degeneration in the retina, when they first appear at some distance from the 
papilla. Even then their fibrous appearance, their immutability, the normal 
condition of the rest of the fundus and the absence of general disease leave no 
doubt concerning the phenomenon. It may be mentioned as rare occurrences 
that the medullated nerve fibres have been seen to disappear, by Wagenmann 
in a case of tabetic atrophy of the optic nerve, and by Sachsalber in a case 
of tumor of the brain. 

3. Pathology of the White Spots in the Retina 

The white spots in the retina that occur in general diseases may be due to 
various pathological changes. They may be varicose thickenings of the nerve 
fibres* fibrinous exudates* heaps of lymphoid cells, patches of fatty degenera- 
tion of the retinal tissue* or foci of embolic inflammation or of calcification. 
These pathological conditions cannot be distinguished apart with the ophthal- 
moscope. 

4. Etiology of the White Spots in the Retina 

Clinical experience has proved that white spots may occur in the retina in 
a wry large number of diseases* a few of which are poisoning with phosphorus 
or with quinine* diseases of the liver* carcinoma of the stomach, and hydro- 
cephalus in tennis* Arteriosclerosis may produce* in addition to hemorrhages, 
numerous white spots of various forms and siies. White patches of degenera- 
tion are met with in syphilis* sepsis* and in the diseases of the blood* like 
aiuemia. Diabetes amf chronic nephritis have to be taken particularly into 
account. Even a tumor of tl* fcv*ui can excite in rare cases a picture like that 
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of albuminuric retinitis. This versatility in the occurrence of such spots in 
the retina is due to the fact that the highly organized and easily destructible 
protoplasm of the tissue of the retina, with its very small capillaries, reacts 
very readily to circulatory disturbances and is often affected sooner than the 
other tissues by Ml possible changes in the composition of the blood and juices 
of the body. Hence it is that the retina is so often an indicator of constitu- 
tional disease. 

As soon as the physician discovers white spots in the retina he must not 
content himself with the examination of the eye* but must investigate the entire 
organism with special reference to the composition of the blood and the pres- 
ence of albumin and sugar in the urine. The examination of the urine of this 
patient reveals the presence of a chronic nephritis, and we have before us the 
picture of the so-called retinitis albuminurica. 

Although the fundamental cause of a disease of the retina can be determined 
positively only by the examination of the entire organism, we must not content 
ourselves with this, but rather study closely the changes in the fundus. This 
we should do for several reasons. Each disease is of interest. Physical knowl- 
edge is the guiding star of our science. We often gain important data for the 
prognosis. In many cases the ophthalmoscopic picture is so characteristic as 
to form an accurate guide to the diagnosis. The time is certainly past in which 
it was believed that a disease of the kidneys caused a retinitis albuminurica, a 
diabetes a retinitis diabetica, a leucaemia a retinitis leucaemica. All of these so 
called forms of retinitis are nothing else than the ophthalmoscopic impression 
of anatomical injuries of tissue and disturbances of the circulation in the retina 
which are caused more or less by a disease of its vessels, and yet we are justi- 
fied in asking what ophthalmoscopic pictures occur in the individual diseases of 
the organism in order that we may learn to draw conclusions from them. What 
diseases chiefly are to be taken into account when we see these white spots? 
What peculiarities of the ophthalmoscopic picture are so marked that we can 
obtain diagnostic data from them? Beginning with the rarer and ending with 
the more common and more important diseases we find that white spots in the 
retina may indicate: 1, retinitis striata; 2, retinitis circinata; 3, retinitis 
septica ; 4, retinitis syphilitica ; 5, retinitis leucaemica ; 6, retinitis diabetica ; 7, 
retinitis albuminurica. Before we proceed I wish to say that these designations 
are not very appropriate, for a true retinitis is present in only a single group, 
but as these terms have been generally adopted I will retain them. 

In the so called retinitis striata, a rare affection, we find lustrous or bluish 
white striae in the retina that branch frequently and extend over a large part 
of the fundus. They lie behind the vessels and in front of the pigment epithe- 
lium. The ends of the broader stripes are apt to be teased out into fibres and 
sometimes pass over into gray or strongly pigmented patches. This condition 
is not to be mistaken for retinitis proliferans, in which the bands of connective 
tissue formed frcm hemorrhages in the retina and vitreous lie for the most part 
in front of the liood vessels and extend into the vitreous. 

Next comes the degeneration of the retina described by Goldzieher, as well 
as by Hutchinson, and named by Fuchs, retinitis circinata. This is a rare 
disease which lasts for years. A ribbonlike zone is to be seen in the vicinity of 
the macula, composed of larger and smaller white plaques, over which the ves- 
sels pass. The optic nerve shows no signs of inflammation, but hemorrhages 
are not uncommon. The disease may affect one or both eyes, it gives rise at an 
early stage to serious visual disturbances, especially to a central scotoma. The 
cause is still unknown. Perhaps it may be associated with arteriosclerosis, but 
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as pathological investigation lias shown that the degeneration of the retina is 
caused by hemorrhages and fatty degeneration in a. way quite analogous to 
that in which retinitis albumintirica is produced, and especially as the picture 
may closely resemble that of the latter, renal disease must be thought of and 
excluded. 

In septic diseases it may happen that the agents of inflammation are carried 
by way of metastasis into the vessels of the retina and there excite suppura- 
tion. Then we have a metastatic ophthalmia, By rvluiiti.i .icptica on the other 
hand we mean a clinical picture in which white patches are found together with 
hemorrhages in the retina. These white spots are roundish or oval, are usually 
situated close to the papilla, have little relation to the large vessels of the 
retina, and are accompanied by hemorrhages. This septic retinitis may occur 
in two ways: The altered composition of the blood in septic diseases may 
bring about changes in the walls of the retinal vessels which in turn may result 
in hemorrhages and degenerative processes in the retina. In this form there 
is no bacterial contagion, but only a toxic impairment of the nutrition of the 
retina. In the otheV form, which presents the same ophthalmoscopic picture, 
emboli of bacteria are found which excite circumscribed inflammations and do 
not lead to the development of metastatic ophthalmia. The virulence of the 
inflammatory agents is slight, so that the foci of inflammation remain local- 
ized. I would not dwell upon this septic retinitis if it were not that a differen- 
tial diagnosis needs to be made at times between typhoid fever, miliary tuber- 
culosis, tuberculous meningifis, and sepsis. In miliary tuberculosis the foci in 
the chorioid are not white, but rather yellowish, in tuberculous meningitis optic 
neuritis forms the important symptom, and when we have to differentiate be- 
tween typhoid fever and sepsis the retinal hemorrhages indicate the latter, for 
thev are extremely rare in the former disease. 

It is a fact to be borne in mind in practice that syphilis alters the n iiefa 
of the retina in a manner analogous to that in which it changes the vessels of 
the brain. In retinitis syphilitica the vessels are either thickened as a remit 
of perivasculitis, or an inflammation of all the coats of the vessel hikes place 
and results in a proliferation of connective tissue. The capacity of the \ess,/!s 
may be greatly diminished, especially by a proliferation of the intima. They 
then appear ophthalmoscopically to he transformed into white stripes, or the 
veins may have white edges. If the vascular changes are situated mainly in 
the chorioid a syphilitic disease develops at the same time in the retina, chiefly 
in its outer layers, forming a chorioretinitis syphilitica. Syphilitic disease of 
the central vessels may cause changes in the inner layers of the retina in which 
we find hemorrhages, white spots and cedema. If the syphilis has also attacked 
the vessels of the kidney the syphilitic retinitis may resemble exactly albuminu- 
ric retinitis with the stellate figure in the macula, hut usually the picture is 
different. We find a diffuse serous infiltration of the retina in the vicinity of 
the papilla, where the former appears gray and cloudy, making the margins 
of the latter indistinct. In the midst of this infiltration lie hemorrhages and 
discrete yellow foci, which arc considered to be infiltrates and accordingly es- 
tablish themselves by predilection on the vessels. The diseases of the walls of 
the arteries are particularly to be noticed in syphilitic retinitis. Sometimes 
the blood column can no longer be seen at the places where the wall is thickened ; 
in other cases little white scales can he seen on the arteries. Frequently this 
luetic retinitis causes dustlike opacities in the vitreous. Under proper anti- 
syphilitic treatment these exudates may become resorbed from the retina. In 
graver cases the pigment epithelium becomes involved. The retina may become 
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atrophic and the increasing pigmentation may give it an appearance similar to 
that of pigment degeneration. 

The anaemic condition of the patient may suggest those forms of retinitis 
that accompany diseases of the blood. Hemorrhages are found in the retina, 
almost as a rule, in pernicious anaemia, but white spots occur more rarely. 
These degenerations are sometimes met with in general cachexia. The worm 
disease of diggers and brickmakers produces an anaemia which results in such 
diseases of the retina, but leuccemia is the principal disease which is associated 
with such changes. In this disease we very often find white spots with red 
margins and sometimes the fatty looking spots that are to be seen in albumi- 
nuric retinitis ; in leucaemia these consist of varicose nerve fibres, of retinal ele- 
ments, that have undergone fatty degeneration, and of infiltrations with lymph 
cells. Sometimes the fundus appears to be of a bright yellow color ; the cause 
of this has not yet been learned. The great reduction in the amount of haemo- 
globin in the blood cannot always be the cause, for the fundus may appear to 
be of its normal color when the amount of haemoglobin is very small. Stock 
has found that in many cases lymphomata of the chorioid and accumulations of 
leucocytes may give rise to a yellow color of the fundus in myeloid leucaemia. 
As changes in the macula which resemble those of albuminuric retinitis have 
been observed in leucaemia it is evident that we have to take such changes in the 
blood into account in the differential diagnosis of white spots in the retina. 

A disease which must be thought of in every case in which we meet with 
white spots associated with hemorrhages in the retina is diabetes. The picture 
of retinitis diabetica is characterized by little lustrous white spots that are 
accustomed to lie in the vicinity of the macula, between which hemorrhages are 
to be seen, but the pictures presented may be manifold. White spots may be 
present without hemorrhages, or hemorrhages without white spots. Even a 
stellate figure in the macula is sometimes to be seen, but this is rare in diabetes 
and therefore has a certain diagnostic value. The papillomacular bundle of 
fibres is often particularly affected and then a central negative scotoma is 
present. A point of value in the diagnosis is that retinitis diabetica is rare and 
occurs chiefly in the worst forms of diabetes, when, as a rule, the fundamental 
disease has already been recognized. The hemorrhages generally preponderate 
in this form of retinitis. 

When we consider the ophthalmoscopic picture of retinitis albuminuric a we 
find four cardinal symptoms. First, the retina appears to be cloudy, especially 
in the vicinity of the optic nerve, where it is thickest, so that the margins of 
the papilla are rendered indistinct and the vessels are obscured. This cloudi- 
ness may be uniform, or it may be finely striated. Changes may also be per- 
ceived in the walls of the vessels. 

The second cardinal symptom is formed by the hemorrhages which lie in 
the vicinity of the papilla and are either punctate or linear. 

The third and most important symptom is formed by the white spots which 
are lustrous and have various forms. In many cases they are confluent and 
then the papilla may be surrounded by a large, lustrous, white surface. When 
the disease has lasted a long time the white spots may be spread diffusely over 
the entire fundus. 

The fourth characteristic symptom is the stellate arrangement of the white 
spots in the region of the macula. The rays of this stellate figure are composed 
of larger and smaller little white marks and converge toward the macula. The 
centre of the stellate figure looks red brown by contrast. Sometimes the rays 
are broader and more irregular and may form quite a large white surface. 
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The patients complain of a cloud before their eyes, and this disturbance 
is always present in both eyes, though it may differ in degree. One consolation 
is that the patients usually retain sufficient vision to enable them to go about 
alone. Total blindness is scarcely ever caused by albuminuric retinitis itself. 
Careful investigation of the vision of such patients frequently reveals hemeralo- 
pia, or a disturbance of the color sense, such as violet blindness, or blue blind- 
ness. Another characteristic feature is that improvements and deteriorations 
of the vision continually alternate. The degree of visual disturbance is not 
proportional to the changes in the fundus. It is not at all infrequent for a 
detachment of the retina to be added to an albuminuric retinitis, and an apo- 
plexy of the brain causing homonymous hemianopsia may take place in the 
course of the disease. 

The entire clinical picture depends on a hyaline degeneration of the ves- 
sels, met with chiefly in the small and smallest arteries and capillaries. The 
entire wall of the vessel is transformed into a hvaline mass bv which constric- 
tions and even total obliterations of the lumen are produced. It is easily con- 
ceived that nutritive disturbances in the tissue of the retina can be brought 
about in this manner. Numerous hemorrhages are present in the anterior 
layers of the retina, and in the intermediate granular layer numerous spaces 
may be seen between the fibres which indicate an oedema of the retina. Most of 
the white spots consist partly of fibrinous masses of exudate, partly of varicose 
nerve fibres, which frequently are pressed closely together, and of wandering 
cells that have undergone fatty degeneration, fatty granular cells. These fatty 
granular cells appear mainly in the two granular layers, but may be found in 
the inner reticular layer and in the layer of nerve fibres. The supporting tis- 
sue may likewise appear as if studded with minute drops of fat. The fluid that 
infiltrates the retina may also coagulate into colloid masses in the hollow spaces. 
The radial fibres likewise exhibit a homogeneous appearance. The layer of 
rods and cones is destroyed. All this is presented to us in the ophthalmoscopic 
picture as a white spot. In addition, grave changes take place in the vessels 
of the chorioid. 

This characteristic ophthalmoscopic picture is met with chiefly with the 
contracted kidney, in Bright** disease, but every contracted kidney does not 
produce this condition: the figures given vary, but it is present in between 10 
and 25 S of the cases. The connection that exists between diseases of the eyes 
and of the kidneys forms an important biological problem. Probably the in- 
jury to the vessels and the tissue is to be ascribed to cytotoxic substances. 
Albuminuric retinitis is also met with in many other forms of renal disease, as 
in amyloid degeneration of the kidney, in the nephritis due to chronic lead 
poisoning* in that of pregnancy, and in that which follows scarlet fever. 

Clinical experience has shown that the prognosis in the two forms last men- 
tioned is much better than it is in chronic contracted kidney. After scarlet 
fever and pregnancy this retinitis may undergo involution, provided that a 
chronic nephritis does not develop. We must suppose that the vascular changes 
which take place in pregnancy and scarlatinal nephritis are of a temporary 
nature. The prognosis of retinitis albuminurica associated with contracted 
kidney is quite different. Numerous statistics have shown that death is to be 
expected within one or two years after its appearance, often within a shorter 
time. It is only in exceptional cases ami under favorable conditions that the 
patients live longvr than this* and therefore it becomes the duty of the physi- 
cian to acquaint the relatives of the patient with this fact as soon as the diag- 
nosis of an albuminuric retinitis has been established. The sight of an albu- 
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minuric retinitis with the ophthalmoscope is a sentence of death in such cases ; 
the patient stands at the gates of eternity and we can do nothing more than 
to make his last days as easy as possible by proper treatment. Nothing can 
be done for the eyes. 



183. Senile Change of the Macula Due to Arteriosclerosis of the 

Central Part of the Retina 

When quite elderly people complain of an impairment of vision for which 
no plausible explanation can be found it is well to remember that a senile 
degeneration may take place in the macula and be responsible for the loss of 
vision. We cannot content ourselves with an ophthalmoscopic examination of 
the papilla in such cases, for there is a wonderful contrast between the high 
degree of visual disturbance and the insignificance of the changes to be seen in 
the fundus. 

We find in the macula of this patient a rose colored or yellowish red spot 
with a slight increase of pigment. In other cases little whitislr^laces with 
minute crystals are to be seen, or there may be only a bright or dark speck- 
ling. When a high degree of degeneration is present the yellowish spots may 
form larger, lobed figures. The rest of the fundus may be perfectly normal, 
or the disc of the optic nerve may show a slight senile paleness with sclerosis 
of the vessels. 

The pathological examination of such eyes reveals an atrophy of the layer 
of cones, a softening and atrophy of the pigment epithelium and partial obliter- 
ation of the choriocapillaris, processes which are to be referred ultimately to 
arteriosclerosis. Insignificant disturbances of nutrition are evidently sufficient 
to affect the delicate cones. 

In making the diagnosis we have to differentiate the colloid formations 
which occur on the vitreous lamella in the region of the macula, and must 
not be mistaken for this disease. The colloid formations are to be recognized 
from their position behind the vessels, their round form and their brilliant 
color. Therapeutically we are impotent in senile degeneration of the macula. 
It is a disease which sometimes takes us by surprise in an unpleasant manner 
in patients from whom cataracts have been extracted by operations that have 
been faultless in their performance, but whose subsequent vision leaves every- 
thing to be desired. 



184. Hereditary Syphilis in the Fundus 

The changes in the fundus met with in hereditary sj r philis present various 
forms. In this patient we find a pigmentation of the retina in the peripheral 
portions of the fundus, but the pigment is not arranged in figures resembling 
bone corpuscles, the fundus looks rather as if it had been sprinkled with snuff. 
Together with this delidate pigmentation we find a peculiar yellow red speck- 
ling. But the picture may be quite different. We find in the periphery bright, 
elongated or round, yellowish spots, with heaps of pigment in their centres, par- 
ticularly in cases in which the disease is associated with interstitial keratitis. 
The black or gray pigment spots in the brighter places may be entirely want- 
ing and then we find only whitish places which are round in form and frequently 
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coalesce. The pigment epithelium and the ehorioid aro quite destroyed in these 
places. We may thus be able under certain circumstances to learn from the 
fundus of the eye whether hereditary syphilis is present in the organism. 



185. Detachment of the Retina and Its Causes 




The manifold forms and the varying extent of detachment of the retina re- 
quire a quiet study of individual cases with the ophthalmoscope, and it is possi- 
ble to indicate here only the most important characteristics. Our patient has 
the commonest form, the one associated with high myopia, of which it is the 

complication most to be dreaded, but it is also produced 

by other causes. 

L When Should the Physician Suspect a Detachment 

of the Retina ? 

Wben a detachment of the retina is about to take 

place the patients very often complain of subjective 

FlG. 135. — Detach- sensations of light, the so called photopsias, flickering, 

merit of the Retina. fiery balls, flashes and sparks before the eyes. These 

symptoms are probably due to lacerations of the retina, 

and thev may continue to exist long after the detachment has taken place. 

Another symptom is mctamorphopsia ; the objects seen appear to be dis- 
torted, bent, or interrupted. This symptom is not necessarily indicative of a 
detachment, for the alteration of the rods and cones produced by chorioiditic 
patches in the macula may cause it, but when it is complained of, the possibility 
that it may be caused bv a detachment must be borne in mind. 

The color sense is very often impaired. The patients confound blue and 
green, or can no longer perceive blue. Probably this is due to phenomena of 
absorption in the yellow subretinal fluid. Hemeralopia may also be present; 
the vision is worse on cloudy days and in the evening than in the bright day- 
light. 

The impairment of the vision is the most important symptom, the one 
that drivis the patient to the physician, and in many cases it suffices to excite 
suspicion of the presence of a detachment. As the retina is extremely sensi- 
tive to nutritive disturbances it can be readily understood that after a short 
time the function of the detached parts is very greatly impaired and the central 
vision is much injured when the detachment is situated in the macula. Still 
more characteristic is the defect of the peripheral vision, the contraction of the 
visual field. The patients state that a dark cloud seems to lie in front of their 
eyes. As the favorite site of the detachment is in the lower half of the eye the 
pjitimfs may say that they can no longer see anything in the upper half of the 
field of vision. 






U. The Objective Demonstration of Detachment of the Retina 

Even the physician who has had no great amount of practice with the oph- 
thalmoscope is able to recognize a detachment of the retina. All that is neces- 
sary is to illuminate the eye with the mirror nnd. while we watch the illuminated 
pupil through the aperture to direct the patient to look several times in suc- 
i up, down, to the right, and to the left. This manoeuvre is absolutely 
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essential in order that we may illuminate the extreme periphery of the fundus. 
Under normal conditions all parts of the fundus return to us a clear, bright 
red reflex, but as we look into this patient's eye we see dark opacities float about 
in the vitreous as he looks in different directions. These opacities show that 
the nutrition of the vitreous is impaired and that the tidsue is permeated with 
abnormal constituents, exudates and hemorrhages. As he looks downward and 
outward the red reflex suddenly becomes dull, partly gray, greenish gray, or 
in places whitish. When the subretinal effusion contains an admixture of the 
coloring matter of the blood the detachment .inclines to be greenish. This 
phenomenon renders the suspicion that a detachment is present very strong; 
otherwise the reflex can assume such a greenish gray color only when dense 
preretinal opacities are present in the vitreous. 

One peculiarity of the detached retina is that it is apt to lie in folds, so 
that the picture reminds us of the delineation of mountain ranges on the maps. 
We see white stripes with dark shadows between them ; the white stripes corre- 
spond to the elevations, the shadows to the depressions of the folds of the retina. 

The retinal vessels present three peculiarities. They describe large curves,, 
are visible in some parts of their courses and disappear in others, which 
is readily explained by the folds. They appear to be very small, because the 
bulging of the detached retina reaches far forward into the space of the vit- 
reous, so that the refraction in these places is hypermetropic and the vessels 
are accordingly seen magnified to a less degree. They also appear to be very 
dark or black, because they are seen partly by transmitted light. Some light 
always passes through the detached retina and is reflected back by the chorioid, 
so that the vessels appear to be dark just the same as opacities of the refractive 
media when they are seen by transmitted light. 

A detachment of the retina can be recognized in this very simple way by 
throwing light into the eye by means of the mirror of the ophthalmoscope, but 
this must not be done by a hasty glance, we must investigate the eye carefully 
in all directions. In many cases it is easier to detect the detachment in this 
way than by the indirect method. 

The next step is to ascertain the extent of the detachment and the condition 
of the papilla. Its margins may gradually flatten out into the normal retina, 
but sometimes .the detachment is purse shaped and overhangs the papilla. If 
the exudate behind the retina is of a serous nature the reddish tone of the 
chorioid can still be seen through the gray, crumpled looking retina. 

In many cases we are able to find a tear in the detached retina through 
which the fundus is clearly revealed, and we can see the intervascular spaces of 
the chorioid, or pathological changes in the vessels. These tears are usually 
in the periphery of the fundus, most often above. If, instead of serum, an 
effusion of blood, or a tumor, lies behind the detached retina the appearance is 
not clear, but dark brown or black. When the detachment is total we can per- 
ceive scarcely any red light in the wavelike, fluctuating gray of the retina. 

By means of the direct method we can not only distinguish the individual 
characteristics of the detachment, but can also ascertain the difference between 
the refraction of the detached and of the still adherent portions of the retina. 
When the detachment is flat and very transparent it may happen that the only 
way in which its presence can be recognized is by this difference in refraction. 
In an emmetropic eye we find a high degree of hypermetropia on the surface 
of the detachment. If the eye is highly myopic the refraction of the surface of 
the detached retina may be a less degree of myopia, emmet ropia, or hyperme- 
tropia. 
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The retina is but loosely adherent to the chorioid, its rods and conos only 
dip between the processes of the cells of the pigment epithelium, and if is firmly 
attached at only two places, at the papilla, where the fibres of the optic nerve 
pass over into it, and at the ora serrata. When a retina is totally detached it 
forms a funnel open in front and attached behind to the papilla, and has been 
aptly compared by v. Arlt to the flower of the convolvulus. 

From the purely pathological standpoint there are two possible ways in 
which I detachment of the retina can originate. The retina may either be 
pressed out from the chorioid into the chamber of the vitreous, us by exudates 
from the chorioid, by hemorrhages, or by tumors of the chorioid and retina, or 
it may be drawn into the vitreous chamber by a shrinkage of the vitreous. But 
as these two ways of origin cannot always be distinguished clinically I prefer 
the clinical point of view from which to consider the etiology. 

The first question in every case of detachment is whether it has been pro- 
duced by fluid, or by a tumor, for on the answer to this question depends the 
fate of the eye and our therapeutic efforts. Sarcoma and glioma are the 
tumors principally met with in the eye, and when they are present not only 
the eye, but lift* itself is endangered and immediate enucleation is necessary, iiut 
an entirely different form of treatment is to be adopted when the detachment 
is due to an effusion of fluid. Even when a cysticercus is present between thf 
retina and the chorioid, which rarely happens, we try to save the eye by tin- 
removal of the parasite, and in alt other detachments caused by the effusion 
of fluid we try to save what we can of the vision. Hence it is of serious im- 
portance to determine which of these causes has produced the detachment. 

When a severe hemorrhage from the chorioid produced by an injury has 
caused the retina to become detached, the history of the case will Icid u- to (lit 
correct diagnosis. Difficulty in the differential diagnosis is met with only in 
the detachments that occur spontaneously. First, we have the patient make 
little jerking movements of the eye while we are looking into it; if the retina 
floats back and forth the detachment is probably of a serous nature. The dark 
pigmented node of a commencing sarcoma can often be seen through the de- 
tached retina, which frequently has a speckled appearance over it. In the early 
stage of a tumor the nature of the detachment is also characteristic. There 
are no folds in the retina, as there arc when it is spontaneous, but it protrude* 
as a smooth, unwrinkled prominence into the eve. This picture, however, can 
be seen only in a certain stage of the development of the growth. II is ■ veil 
known clinical fact that fluid finally appears with all sarcomas of the chorioid 
and increases the detachment of the retina. Then we have a detachment < m-.i 
by a tumor plus an effusion of fluid, and frequently the neoplasm can no longer 
be seen with the ophthalmoscope. Wry -mall sarcomata of the chorioid may 
induce extensive detachments of the retina, and in such cases we have to rely 
on three methods of examination. 

First we test the intraocular tension. This is distinctly minus in our 
patient, as it is very apt to be when the detachment 
growing tu -ary readily induces a condit 
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coma. The second method is that of transillumination with Sachs' lamp. The 
eye is anesthetized with cocain, the point of the instrument is placed on the 
sclera and moved about from place to place, while we watch to see whether the 
light in the pupil remains red wherever the instrument is moved. The pupil 
constantly remains bright and red when the retina has been detached by a 
serous effusion, but when a sarcoma is present the dense tumor does not allow 
the light to shine through and the pupil is darkened. Extremely valuable as 
this method is it has its limitations, for dense hemorrhages may also obstruct 
the light. Finally, we may employ the method suggested by Sehmidt-Rimpler, 
that of feeling of the sclera with a probe to detect a place where the increased 
resistance indicates it to b* the site of a tumor. 

Detachment of the retina may be due to very different causes. We meet 
with it for example in albuminuric retinitis and exudative chorioiditis. More 
often it occurs in senile eves without having been preceded by any disease 
whatever. Contusions of the eye may produce it by causing hemorrhages or 
serous effusions. It may accompany the cicatricial contraction after perforat- 
ing wounds with loss of vitreous and incarceration of the uvea. But the spon- 
taneous detachment met with in high myopia is the most frequent form and 
should be the first to be thought of in every case. 

The frequency of detachment of the retina in myopia depends very much 
on the degree of the nearsightedness. It is certain that the danger increases 
with the degree, and to give some idea of its frequency I will say that it occurs 
in about 5% of the persons in whom the myopia is over 10 D. Ordinarily this 
complication is unilateral, and we may comfort these unfortunates with the 
fact that the second eye is spared in over two thirds of the eases. The question 
has not yet been settled concerning the way in which this form of detachment 
of the retina takes place, but it is to be expected that further information in 
this regard will be obtained as our knowledge increases concerning the true 
nature of myopia. Various theories are held at the present time. 

The theory of secretion and exudation was founded by i\ Arlt. According 
to this the primary serous effusion comes from the chorioid and the pressure 
exerted by this exudate together with the detached retina causes a partial con- 
densation of the vitreous and resorption of its fluid. 

Stellieag v. Carion founded the theorv of retraction. He thought that the 
detachment of the retina was produced bv a contraction of the vitreous, the 
fibrils of which were diseased, and that the subretinal fluid was formed second- 
arily to fill the vacuum thus produced. This theory found a most zealous and 
distinguished advocate in Th. Leber, who supposed that the detachment, of the 
ivtinu « ; is preceded by a chronic inflammation in the uveal tract with pTOC tB— 
of contraction in the vitreous, which finally resulted in a laceration of the 
retina and the entrance of the intraocular fluid between it and the chorioid 
through the aperture thus formed. In fact Xordenson found on pathological 
examination a fibrillins drgi.-ni-rution i'tf tin vitreous, and also in some CMN I 
rupture of the retina. If the retina remains united with the shrinking vitreous 
and no laceration takes place, the subretinal effusion must be produced by 
exudation, and thus far the theory of retraction cannot do without the assump- 
tion of a subretinal exudation of fluid. 

To give some idea of the origin of this process of contraction Leber has 
published pictures to illustrate the genesis of spontaneous detachment of 
the retina, from which it appears that a cellular fibrous tissue is found with a 
certain degree of regularity on the inner surface of the retina and in the domain 
of the vitreous, which enters into the depths of the folds of the retina, fills them 
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partially, or is stretched over their openings. Veutichmann also advanced the 
idea that a cicatricial process takes place in the ciliary hody and that the de- 
tachment of the retina is to be ascribed to an equatorial chorioiditis which 
causes nutritive disturbances and a shrinkage of the vitreous. These lesions 
exert a tension forward upon the ora serrata and the retina. In opposition to 
this ophthalmoscopic theory of an equatorial chorioiditis Leber discloses a ten- 
sion exerted upon the retina from the following pathological facts. Folds of the 
retina which are made adherent by such tissue are found in detachments. The 
retina may also be drawn inward at the place where the retinal funnel spreads 
out laterally by a membranous layer stretched transversely over the opening. 
The retina also often appears to be greatly stretched at the papilla and in its 
anterior portion. More than this it is shown that the pars cilia ris is involved 
in tlie detachment. Leber has found that layers of cells may proceed from the 
ciliary portion of the retina and grow over its inner surface. These layers of 
tells tuny extend not only over the outer surface of the vitreous and the inner 
surface of the retina, but also over the outer surface of the latter. These 
layers of cells can also form membranes resembling the hyaloid layer on the 
inner surface of the posterior part of the retina, and we can imagine that the 
contraction of these tibrocellular membranes on the inner surface of the retina 
may finally result in a detachment. The compressed vitreous must then under- 
go a fibrillary condensation. The opponents of this theory think that the 
changes in the vitreous are the actual results of the compression exerted upon 
it by the primary effusion of fluid together with the detached retina. It is very 
probable that the fibrillary condensation of the vitreous takes place in this way 
when tin detachment is caused by a tumor, but Leber maintains in opposition 
to (•'■<,!', it seems to me correctly, that the condensation of the vitreous may 
be essentially different in a serous detachment. The- condensed tissue of the 
vitreous adheres to the inner surface of the retina by predilection, while the 
most anterior portion of the retinal funnel, where one would expect to find the 
greatest condensation, may In- occupied only by serous fluid. 

In spite of these pathological facta, which make a traction on the retina 
probable. I do not consider it proven that the changes to be seen in tin patlm- 
logical preparations form the primary cause of a spontaneous detachment of 
the retina. As Leber himself says, it is necessary for us to infer from the 
changes the forces which have been active. It may be that these pathological 
changes, especially the formation and contraction of these fibroceliular layers, 
are the secondary results of other causes. It is not correct to urge against 
this theory thai H»' occurrence of lacerations in the retina is comparatively 
rare. Kven when the retina is not torn until the fluid has been forced forward 
to this place by an adhesion between the retina and the chorioid, conditions of 
retraction may he present on the inner surface of the retina and in the vitrc- 
bbb, It is also nol right to say that according to Leber's thtory the enm(>.)- 
sitinti of the fluid in front of the retina must be the same as of that behind it. 
As long as no perforation of the retina takes place in the process of contrac- 
tion and no fluid from tin- vitreous chamber can get behind it. the subrctinal 
fluid must IV formed by exudation. It may occasionally contain such sub- 
stances as choleaterin. which are' not found in the vitreous chamber. On the 
other hand it is difficult to explain by /.c/mt'j theory the clinical fact that 
such a spontaneous detachment may spontaneously reattach itself, iMimctimn 
within a remarkably short time. Leiter's \ vplanatkn, that the same f 
jm.in.id tlie detachment Ut. r hring about the reattachment by acting more 
m the ooter side of the retina, is worse than forced, for if contracting cords 
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in the vitreous have detached the retina their tendency to contract will in- 
crease as soon as the resistance has yielded. I believe that the forces which 
bring about detachment of the retina are not so slight as they have been 
supposed to be. While therefore I adhere on the whole to the retraction, 
theory I have to admit that beyond a doubt there are many cases in which the 
cause is a primary effusion behind the retina. It is interesting in this connec- 
tion that Wessely has been able to produce experimentally, by the local appli- 
cation of steam to the sclera, detachments of the retina which were caused by 
such effusions. 

IV. Treatment and Prognosis of Detachment of the Retina 

The treatment of detachment of the retina is one of the most thankless 
and unsatisfactory duties we have to perform in ophthalmology. In order to 
obtain a proper estimate of the value of our therapeutic efforts we must take 
into account that it may recover of itself. According to Uhthoff a sponta- 
neous reapposition and recovery of a detached retina takes place in about 8% 
of the cases. The place where a detachment has formerly existed can be recog- 
nized from the chorioiditic changes that are present in the form of bright 
white, or yellowish white cords with pigmented margins. A pigmented band 
can frequently be seen to run along the margin of a former effusion of fluid. 
It also happens that a partial detachment may remain stationary. I know an 
officer who has had a detachment of the retina in each eye for years, and is still 
able to attend to his duties. But in the great majority of cases a detachment 
of the retina tends to increase, or to become total. A symptom that may be 
observed regularly is that the detachment changes its position. In many cases' 
the effusion begins in the upper part of the eyeball and then sinks, while the 
retina is replaced above. An apparent recovery may take place when the de- 
tachment was at first in the region of the macula and then sinks below it ; the 
macula may regain a part of its functional power in such a case, while a slight 
peripheral contraction of the field of vision causes little trouble. It is due to 
this change in the extent and position of the detachment that fluctuations in 
vision and temporary subjective improvements often appear. The behavior 
of the detached retina as regards its function varies a great deal. Sometimes 
its functional power is destroyed in a very short time, while in other cases it is 
partially preserved. The eye usually undergoes other changes when the detach- 
ment becomes total. The intraocular tension gradually decreases in conse- 
quence of the shrinkage of the vitreous, and the eye becomes soft. Sometimes 
inflammatory symptoms appear in the iris and we find synechia? or atrophy. 
The lens finally suffers from complicated cataract, due to disturbances in its 
nutrition. Attention is called to such a cataract by the absence of projection 
and a yellowish appearance of the lens in which calcification may take place. 
As the lens continues to shrink it becomes tremulous, and luxations in conse- 
quence of the atrophy of the zonule are not uncommon. Finally the eye be- 
comes totally amaurotic. We cannot see the detachment in such an eye with 
cataract, but we can be certain of its presence when the tension is very low and 
the projection of light is bad. 

We have at our disposal a conservative and an operative method of treat- 
ment. I agree with many other ophthalmologists that the conservative method 
should be tried first. This consists of rest in bed, sweating, pressure bandage, 
and subconjunctival injections of salt solution. If this treatment proves in- 
effectual we may evacuate the subretinal fluid in the following manner. After 



TM 



GLIOMA 



the eye has been cocainized wc make an incision through the conjunctiva bulbi, 
undermine it and make an incision through the sclera and chorioid as far back 
as possible between the muscles over the site of the detachment. A large quan- 
tity of yellowish, serous exudate flows out through the opening. We can now 
perforate the sclera in one or more places near the incision with a fine galvano- 
cautery in the hope that the aseptic inflammation thus induced will lead to an 
adhesion and later to a firm union between the retina and the chorioid. An in- 
fii-tinn i> not to be feared, us these wound* lie beneath the conjunctiva, the 
opening in which is finally closed with sutures. Division of the bauds in the 
vitreous and injection of the vitreous of rabbits have been recommended, in 
addition to puncture and cauterization, but I do not use these measures. 



186. Glioma and Pseudoglioma 

The mother of this little child, 3 years old, discovered a few days ago a 
yellow color in one of his eyes, and she is convinced that the eye is blind. Two 
things only are possible: this is either a case of glioma, and if so the diseased 
eye must be tnuelcated as quickly as possible in order to save the life of the 
child, f.ir glioma is one of the most malignant of tumors, or it may be one of 
pseudoglioma, when we leave the eye alone. 

L Nature and Course of Glioma 

Glioma i* a malignant neoplasm that starts from the retina. It is one of 
the rarer diseases of the eye, met with in most eye clinics in the proportion 
of one case in several thousands of patients. 







The first clinical characteristic of the tumor is that it is met with exclusively 
in early life. Occasionally it has been observed as late as the twelfth year, but 
ordinarily it occurs during the flr>l four year*. According to a compilation 
made by n'intmtnmrr two thirds of all the children have not completed their 
third year. This indicates a congenital pmi is posit ion to this form of tumor, 
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which is also suggested by its second clinical characteristic, its appearance in 
families. Quite a number of observations have been made in which it occurred 
in a large number of the members of one family ; for example, Lerche reported 
the deaths of four out of seven brothers and sisters from glioma. We may 
therefore imagine that it is a congenital disease, the more so as it has been 
observed to be present at birth, but the rudiment is often very slight at that 
time and the tumor develops later. 

Glioma is usually present in only one eye, yet the proportion in which both 
are affected, almost 20%, is by no means small. It must not be thought that 
the tumor has passed from one eye to the other when both are involved, the 
disease is primary in both retime, even though one eye is attacked after the 
other. 

The Various Stages in the Clinical Course of a Glioma 

Glioma passes through several stages, the same as intraocular sarcoma, 
though they are not sharply defined. 

First Stage: The Amaurotic Cat's Eye 

As the disease occurs in little children the beginning of the growth can be 
observed only in exceptional cases, for instance, in those in which a small tumor 
is detected in the second eye during the examination. The little patients make 
no complaint of their visual disturbances, so the first that is known, as a rule, 
of the existence of a glioma is when the mother sees it in the eye of her child. 
During this first stage a bright yellow color shines from within the eye, pro- 
ducing a clinical picture that was named by Beer amaurotic cat's eye, because 
the eye is blind and shines like" the eye of a cat. This reflfcx is usually yellowish 
or reddish yellow when the particles of the tumor are visible, or rather bluish 
white when the reflex comes from the detached portion of the retina. 

The second symptom is the blindness. As a rule, vision has been totally 
lost before the tumor is discovered. Of course vision must still be present when 
the tumor begins to develop and the disturbance of the vision must depend on 
the part of the retina from which the tumor originates, whether the macula or 
the periphery is the part first affected, and on the degree to which the retina 
is detached, but all this is of no practical importance. The only thing we can 
do is to test the reaction of the pupil and to notice whether the child looks at a 
light or not. 

The pupil in this case is fixed and dilated, but dilatation of the pupil does 
not generally appear until the increase of the tension has begun and the 
disease has entered its second stage. The opportunity is scarcely ever offered 
to examine with the ophthalmoscope the very first stages of this disease. We 
may see in this case an extensive detachment of the retina from which pro- 
trudes a reddish yellow knob into the vitreous, which is bounded by distinct 
furrows and has a rough surface. The color is not uniformly yellowish every- 
where, but lustrous white spots are to be seen in places, which are patches of 
disintegration. Near it are little hemorrhages, and the surface of the eminence 
is covered with vessels. In other cases the masses of the tumor may be crumbled 
away at an early period, when the vitreous will be filled with little roundish 
spots and nodules. 

Second Stage: Stadium Glaucomatosum 

The tumor continues to grow and the disease enters upon its second stage, 
that of secondary glaucoma. The iris and the lens are driven forward more 



760 GLAUCOMA, ECTASIA BULBI AND EXOPHTHALMOS 

and more, the iris becomes atrophic, tlie pupil dilated, and the sinus of the 
anterior chamber obliterated. The anterior chamber is then shallow, the cornea 
loses its sensibility and is often opaque. The anterior ciliary vessels an 
abnormally distended and tortuous because of the increased ten. ion trithlH the 
eye; we have in short the typical picture of glaucoma. In this stage tin little 
patients begin to suffer from pain and to refuse their food. If the process goes 
on still further the lens gradually becomes opaque, making the yellow appear- 
ance of the eye more indistinct. Sometimes this formation of cataract appears 
very early, or the lens may be luxated info the anterior chamber. If the intra- 
ocular tension is tested in this stage it will be found to be distinctly increased, 
but not very greatly, in spite of the habitus glaucomatous, because the cap- 
sule of the eyeball in the child is soft, extensible, and yields to the pressure. 

Third Stage: Ectasia Hull* and Ejvp/ithaimos 

Next the form of the eye changes and the disease passes into nnother clini- 
cal stage. The anterior zone of the sclera begins to give way, becomes brondcr 
and assumes a blue gray color, because the pigment of the uvea shows through. 
The circumference of the cornea increases, producing the condition known as 
megalocornea. An anterior scleral staphyloma is formed in this way, while 
behind the insertions of the muscles the capsule of the globe stretches in the 
same way and the eyeball is enlarged at the posterior pole. The cornea, which 
has already become opaque, may readily become perforated and then a part of 
the tumor escapes. 

Even without this last complication the tumor finds its way outward alto- 
gether boo soon. It may grow along the vortex, veins, or the anterior ciHarv 
reaselfl, perforate the sclera and give rise tn episcleral nodes. Or the perfora- 
tion may take place behind, through the places of entrance of the posterior 
i ■iliary vessel*, or more likely along the optic nerve and its sheath into the 
orbit. Then exophthalmos is added to the ectasia of the globe. 

Wherever the perforation may take place two symptoms are always to bv 
met irith. The pain ameliorated somewhat with the reduction of the intraocular 
tension, and the masses of tumor, freed from the pressure that has 
their proliferation, increase with a rapidity that is often remarkable and the 
disease enters its final stage. 



Fourth Stage: Extraocular I'roliferat'wti and Metastaset 

If the perforation has taken place in the anterior segment of Hie globe large 
tumors we quickly formed, which often reach the size of a fist, or mnv lie even 
larger. The orbit is distended, the preauricular glands are enlarged, the 
parotid region is swollen, and the swelling spreads over the angle of the jaw. 
Then come metastases in the brow, the scalp, and the roof of the skull. The 
rest of the course does not need to be delineated. Often we an first able !" 
diagnose the commonest metastases, those within the skull, from the functional 
disturbances of the central nervous system to winch they give rise. Clinical 
experience has taught us that when a protrusion of the eyeball occurs the infil- 
tration along the optic nerve has already reached the cranial cavitv. The prin- 
cipal symptoms are convulsions and paralyses, and death finally takes place 
in unconsciousness and coma. If the course of the disease is prolonged symp- 
toms may appear in the other eye. It may become Mind because tin- tuittOI hai 
reached the base of the brain along the optic nerve and compressed DI invotafl 
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the chiasm. A mydriasis calls our attention to this amaurosis. The average 
duration of this disease till death is about one and a half years. 

A glioma starts from the granular layers of the retina and consists, on 
ordinary examination, of densely packed roundish cells that resemble the cells 
of the granular layers, having large nuclei and narrow edges of protoplasm. 
If GolgVs method of staining is employed, the oval cells are seen to have 
numerous fine long offshoots that radiate in all directions. These are glia 
cells. Together with them we find ganglion cells. 

A second characteristic of glioma is that the tumors are extremely rich in 
blood vessels, and that the tumor cells frequently seem to be arranged like 
rosettes about the vessels, so as to resemble, to a superficial glance, tubular 
glands, but the farther we go from such a vessel with its mantle of cells the 
worse do the tumor cells take the stain. This is because the cells which are 
situated the more peripherally fail to receive nutrition and die. Thus pro- 
liferation and necrosis go hand in hand. Places that have undergone fatty 
degeneration may be seen lying here and there between the masses of dead 
cells. We also frequently meet with hemorrhages and other signs of regres- 
sive metamorphosis, such as calcification and hydropic degeneration of the 
cells. Hirschberg differentiates two varieties, glioma endophytum and glioma 
exophytum. In the more uncommon form, glioma endophytum, miliary nodules 
are scattered about in the cavity of the vitreous from which growth takes place 
until the eyeball has been filled. In glioma exophytum the growth of the tumor 
nodules proceeds toward the chorioid after the retina has been detached. The 
nodes lie at first upon the pigment epithelium, which soon shows signs of pro- 
liferation and finally atrophies. The tumor then presses through the elastic 
lamina into the chorioid where the masses can spread out superficially and may 
proliferate into the anterior chamber, or vessels may grow out from the tumor 
into the chorioid and be accompanied by the tumor cells. The growth may also 
proliferate into the chorioid from the papilla. 

It is self evident that in dealing with so malignant a growth the only treat- 
ment can be a timely enucleation. The prognosis on the whole is very bad. 
Nine out of ten cases that came under the observation of Vossius died. The 
shortest interval between the operation and death was two months, the longest 
five and a half years. According to Hirschberg the percentage of cures is only 
6.5% , according to Winter steiner, 13.7%. From three to five years must 
elapse before we can be certain that there is no danger of metastasis or of 
disease in the other eye. We can calculate on a permanent cure only when the 
optic nerve is still intact and the tumor is confined to the retina. The cases 
are frightful in which we discover a glioma in both eyes. If the tumor has 
already perforated the eyeball we must exenterate the orbit, removing the peri- 
osteum; in this way we may at least prolong life and mitigate the suffering 
of the child, but we cannot prevent metastases, and when we are called upon 
to operate on a recurrence we know that the disease is incurable. 

IL Pseudoglioma 

Sometimes it is very difficult to tell when a glioma is really present. This 
is the case when cicatrices in the cornea, or a corneal staphyloma produced by 
an ophthalmia neonatorum, obstruct the view into the eye, or when the glioma 
has caused a cataract to develop early, or when a hemorrhage into the anterior 
chamber renders an ophthalmoscopic examination impossible. A simple de- 
tachment of the retina may also render the diagnosis difficult, for such a de- 
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tachment is not uncommon in children, and when the glioma is still small and 
covered by an extensive detachment of the retina its recognition may be de- 
layed until it is too late to prevent its extension. In general a retina that has 
been detached by a serous effusion floats about, while one that has been pushed 
off by a tumor does not do so ; but exceptions to this rule are met with. The 
intraocular tension is usually reduced in simple detachment and increased when 
a 'tumor is present, but it may be normal when the latter begins to develop. 

It is not such a serious error to mistake a glioma for a sarcoma, for in 
either case the eye must be enucleated at once, but such an error is not likely 
to be made, as sarcoma occurs very rarely in children. 

Advanced tubercles of the chorioid, which have filled the cavity of the 
vitreous with granulation tissue and have led to secondary glaucoma with 
ectasia of the sclera, have been mistaken for glioma. Tuberculosis has been 
found when the diagnosis was that of glioma, and vice versa. A cyst ice reus 
can sometimes produce a condition which closely resembles that caused by 
glioma, but this parasite is very rarely met with in children. 

In practice we much more often meet with the condition known as pseudo- 
glioma. We understand by this term chronic inflammations of the chorioid and 
ciliary body which have led to a large fibrinous exudation in the vitreous. 
When in the course of time such exudates organize they may give a golden 
yellow reflex from the depths of the eye in a way quite analogous to that seen 
in glioma. Other diseases that may give rise to the clinical picture of the 
amaurotic cat's eye are abscesses of the vitreous following injuries, and the 
benign form of metastatic uveitis from meningitis or other infectious diseases. 
Hemorrhages into the vitreous that have become organized and have caused 
detachment of the retina can produce the same picture, in a certain stage. 

Sometimes it is very difficult to differentiate these changes in the vitreous 
from glioma. In many cases the history gives us important data for the diag- 
nosis. We investigate first whether the eye has received an injury which may 
have led to an abscess of the vitreous with subsequent organization into con- 
nective tissue, and see if we can find any scars. Nothing of this sort appear- 
ing we ask whether the child has been suffering from any sickness characterized 
by fever, rigidity of the neck, convulsions, or other cerebral symptoms, which 
may have occasioned a benign metastatic uveitis. Such a metastatic uveitis 
sometimes appears after an attack of disease that clinically ran a relatively 
benign course. 

But we cannot depend on the history alone when it furnishes us no such 
data, we must relv on the results of the examination of the eve itself. The 
first point of differentiation between glioma and pseudoglioma is the color of 
the reflecting mass in the vitreous, which is usually a reddish yellow in the 
former and rather of a metallic brassv vellow in the latter, but this is not a 
very positive sign. 

A point that is of more importance is the presence or absence of vessels. 
\ essels can be seen, almost as a rule, by means of focal illumination in glioma, 
while in pseudoglioma the exudates are frequently destitute of them. Still quite 
a number of cases of glioma have been reported in which no vessels were visible 
with the ophthalmoscope, and on the other hand an exudate in the vitreous that 
is undergoing organization may be very well provided with them. 

A thin! point is that the surface of a glioma is usually distinctly rough, 
while, as a rule, that of an exudate is smooth, but this condition also is not 
always diagnostic. If a glioma is pressing against the lens its surface may be 
smooth, while an exudate that is undergoing contraction may be nodulated. 
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The surface of a glioma that is growing inward may also appear-as much like 
jelly as that of an exudate. 

The fourth point is a very important one, whether any signs of a past 
iridocyclitis can be found in the eye. We look for posterior synechia at the 
margin of the pupil, we examine carefully the posterior surface of the cornea 
for Inu'fs of deposits on Desccmct's membrane, or misplaced pigment. The 
pupils are frequently dilated in glioma and are contracted in iridocyclitis. 

The fifth point is the form of the eyeball, which is often diminished in size 
in pseudoglioma, but is rather enlarged by a growing tumor, because the cap- 
sule of the eyeball is very capable of being stretched in children. 

Finally a sixth valuable point of differentiation IB furnished by the intra- 
ocular tension. The tension of the eve is generally lowered when exudates in 
.the vitreous have brought about the picture of a pseudoglioma, while in glioma 
it is either normal or increased. In this case ail of the indications point to 
glioma, and there is no riouht in regard (o the diagnosis. We must advise the 
mother to have the eye of the child enucleated. 

Two Months Later 

A recurrence appeared a few weeks nfter the enucleation, some idea of 
which can be obtained from the accompanying illustration. Exenteratio or- 




FIG. 137.— Recurrent Gli 



bitie was performed, but after a few days it was evident that the tumor had 
extended to the brain and finally the child died. To round out our conception 
of this disease I will give the findings at the autopsy. 

We found on the right side of the brain along the sagittal fissure a brownish 
yellow discoloration of the pia mater which was due to an old hemorrhage. 
Over the lateral portion of the cerebral cortex on each side there lay scattered 
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about in the pia, distinctly following the vessels, numerous little irregular 
glassy white nodules that varied in size from that of the head of a pin to that 
of a hemp seed. These gradually disappeared toward the top of the convexity. 
They were most numerous on the right side, where they could be followed along 
the vessels into the fossa of Sylvius. At the base of the brain, where the* 
olfactory bulb and the chiasm are normally visible, we found resting on the 
brain a fungous mass of irregular, fissured form, and of a bloody, brown red 
color, about as large as a small apple. This mass extended backward into the 
infundibulum to the right of the apex of the temporal lobe, over part of which 
it passed, and ended at the level of the top of the olfactory bulb, of which we 
could find no trace. The tumor was soft and could not be removed without loss 
of substance from the brain. The entire pia at this place exhibited just the 
same glassy white roundish nodules as those that were found on the convexity, 
except that they were larger. The pia of the cerebellum was thickened and in 
it also were scattered about little nodules of the tumor. 



XIX 

Functional Testing of the Eye 



187. The Control of Disturbances in the Functions of the Eye by 
Means of Focal Illumination, Transmission of Light through 
the Refractive Media and the Examination of the Fundus 

When a patient complains of a disturbance in the function of the eyes the 
history should be taken and an objective examination made before we proceed 
with the functional test, because the only person who is able to judge correctly 
concerning the functions of the eye, and their disturbances, is the one who can 
compare the statements made by the patient in the test with the objective con- 
dition of the eye. The methods employed in this objective examination are 
focal illumination, transmission of light through the refractive media and the 
investigation of the fundus. 

L Focal Illumination 

We begin with focal illumination because a functional disturbance may be 
due to a fault in the anterior segment of the eyeball. The light from a lamp, 
placed at the side of and a little in front of the patient, is concentrated with a 
strong convex lens upon the cornea in such a way that the apex of the cone 
of light falls upon the part to be examined. The place undergoing examina- 
tion is then at the focus of the lens, and this fact has given the name focal 
illumination to the method. As the tissue in the immediate vicinity is in the 
dark, pathological changes can be seen very distinctly in the brightly illumi- 
nated area. The only precaution that needs to be taken is not to have the lamp 
placed too near the eye, so that the rays of light can be really brought to a 
focus by the convex lens. We are able to satisfy ourselves in this way concern- 
ing the condition of the cornea, anterior chamber, iris, the pupillary reaction, 
and, to a certain extent, of the lens, and even of the anterior portion of the 
vitreous. 

II. Transmission of Light through the Refractive Media 

The lamp is now placed at the side of and behind the head of the patient, 
and its light is thrown into his eye with the mirror of the ophthalmoscope, 
which is held firmly against the upper margin of the orbit of the examiner in 
such a way that he can look through the aperture. The pupil of the normal 
eye appears red when looked at in this manner, while opacities in the refractive 
media stand out as dark spots against the red of the pupil, and we can easily 
ascertain whether they are in the lens or the vitreous in any given case, by 
having the patient make certain movements of his eye; an opacity in the lens 
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moves only with the eye itself, while opacities in the vitreous continue to float 
about when the eye is at rest. 

We can also determine the position of an opacity by means of its parallac- 
tic din placement with reference to the margin of the pupil. For example, if 
an opacity is seen by transmitted light in the red pupil while the eye under- 
going examination is looking straight ahead, it may he situated in the central 
part of the cornea, at the anterior pole of the lens, or still farther back; then 
if the patient is told to look up the opacity will seem to move toward the upper 
margin of the pupil if it is on the cornea, it will not seem to change i* 
if it is at the anterior pole of the lens, and will appear to move downward 
toward the lower margin of the pupil as the eye moves upward if it is at the 
posterior pole of the lens, because it lies behind the point of rotation of the eye. 

Why does the pupil appear to be bhiek under normal conditions;- Win- 
Cim we not see into it with the naked eye? Why does it appear to be illumi- 
nated only when we throw light into the eye with a mirror? These problems 
were solved by Helmlioltz. The human eye may be aptly compared with a 
camera obscura. An inverted small image of the objects in the outer world is 
thrown upon the retina, just as upon the sensitive plate of a camera, but 
instead of a single lens the human eye has a series of refractive media. We 
cannot see into a photographic camera when we stand in front of it any more 
than into an eye, its aperture looks just as black as the pupil, because of the 
following law of physics. If we place a light in front of a camera at a distance 
of 2 metres, a sharply defined image of it is formed on the ground glass plate. If 
we darken the room, put the light in the place of the ground glass plute and 
the latter in the place of the light we again obtain a sharply defined image. 
This shows that the rays of light which arc sent out by the flam* ami art 
focussed into a sharply defined image on the ground glass plate return again 
to the flame. The image and the object stand in reciprocal relations to each 
other, so that ire con hare the two exchange places without any alteration of 
the distance between them. This also tells us at once that we can see into the 
eye of the patient only when we arrange matters so that the rays of light will 
proceed as though from our own eye, enter that of the patient, and then return 
to our own. When we use the ophthalmoscope and throw light with it into an 
eye the rays return and, while part of them fall upon the mirror, some of them 
pass through the aperture into the eye of the observer. This is the principle 
of the ophthalmoscope. 






III. Examination with the Inverted Image 

After we have investigated the refractive media for the presence of any 
opacities which may have been the cause of the functional disturbance we 
examine the fundus to learn if any pathological changes are present. To do 
this we make use first of the so called inverted image (the indirect method). 
We throw light into the eye with a concave mirror, which gives a strong illu- 
mination, intercept the rays returning from the eye with a convex lens of the 
strength of 13 dioptres, which focusses them into an inverted real image that 
we examine through the aperture of the ophthalmoscope. The source of light 
is placed to the side of and a little behind the bead of the patient, the examim r 
sits in front of him, places the ophthalmoscope against the upper margin of 
his own orbit, so that he can sec through the aperture, and throws the light 
into the eye of the patient by means of the mirror. We usually examine first 
the optic nerve, and as this enters the eyeball on the nasal side of the posterior 
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pok' we direct the patient to look somewhat inward. The best way is to have 
him look at a distance past the examiner's right ear when the right eve is to 
be examined, or past the left ear when we wish to investigate the left eye. When 
the light is thrown into the eye in this position we see that the returning light 
has a brighter tone of color, which is due to the fact that it is reflected from 
the papilla, and this under normal conditions is colored more brightly, at least 
on its temporal side, than the rest of the red fundus, and we know that the 




Fig. 138.— E: 



th the Inverted Image, 



optic nerve is directly in front of us. Now we hold the convex lens in a plane 
parallel to that of the face, about 5 to 7 cm in front of the eye of the patient, 
steadying it hy placing the little finger of the hand holding it on his brow or 
temple, at the same time holding the arm in such a way that it does not obscure 
the source of light. These prerequisites for the examination of the fundus 
having heen complied with it only remains for the student to learn by prac- 
tice to focus his own eyes upon the image in front of the loupe by means of his 
accommodation. 

The fundus is seen in the inverted image magnified onlv about four times 
on the average, but this method presents the advantage that by means of it 
we obtain at once a general survev over a large field. It is therefore to be 
used whenever we wish to make a rapid observation of the condition of the 
fundus. 

IV. Examination with the Upright Image 

The upright image, or direct method, is used when we wish to study more 
closely the details of the pathological changes in the fundus. If the eye being 
examined is normal in construction, the rays of light that return from within 
it are parallel, nnd if the eye of the observer is likewise emmetropic these 
parallel rays are focussed at once on his retina and he is able to see the fundus 
distinctly without any other aid, provided only that he brings his eye as closely 
as possible to that of the patient. We first throw the light into the eye with 
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the mirror and then draw closer and closer to it without losing sight of the 
illumination in the pupil. The only bit of skill required is that the examiner 
learn to relax his accommodation, to look as it were at a distance. The pic- 
ture of the fundus then appears entirely of its own accord. The field of view 
which "we can command is quite small, but the advantage of this method is that 
what we see is magnified fourteen times. The further details of this method 
can be learned only from actual practice. 

\Y> lI-o it-< . ' -'''_''.' fum t '■<!•■, uf tin' c\i', methods by means of which 




to determine its refraction, as well as perimetry and tonometry. The exacti- 
tude of ophthalmology depends upon the exactness of these methods of exami- 
nation. 

188. The Numbering and Measurement of Spectacle Glasses 

We have in our test cases two kinds of glasses, or lenses : convex and 
concave. We will take first a convex glass and show its optical action by tht 
following experiment. Standing a few metres away from the window I hold 
the convex lens parallel to it and then bring a sheet of paper closer and closer 
to the lens on the side away from the window until we can see a small inverted 
image of the latter upon it, which is perfectly clear when the paper is at a cer- 
tain distance from the lens. 



How Is This Image Produced? 

The physical line of refraction is that a ray of light is bent toward the 
perpendicular to the surface «t the point of incidence when it pusses from an 
optically thinner to an optically denser medium. A ray that falls on the 
spherically curved surface of a lens is refracted toward the perpendicular at 
its point of incidence, which in this case is a prolongation of the radios, The 
ray which is itself perpendicular to the refracting surface is the only one that 
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passes through without being bent. The point through which rays of light 
puss without being deviated is known as the optical Ctmtft of the lent. This 
optical centre is situated at the actual centre when the lens is symmetrically 
ground; in unsymmctrical lenses it is situated nearer to the surface that has 
the greater curvature. All of the other rays which are parallel to the one 
which is vertical to the spherical surface are deviated toward the perpendicular 
at the point of incidence and converge to a point which is called the principal 
focus of the lens. The principal focus is therefore the point at which rays of 
light coining from infinite distance, and therefore parallel, that fall upon the 
lens are caused to unite. 

From this drawing we see that the principal focus of a convex lens lies on 
the side opposite to that upon which the rays of light fall. The convex lens 
renders parallel rays convergent, it "collects" them into the principal focus 
and is therefore culled a collecting lens. 

Inversely, rays of light starting from the principal focus and impinging 
on the lens emerge from the latter in a parallel direction. Still more is to be 
learned from this experiment. Parallel rays are refracted so strongly by the 
lens that they unite on its opposite side. The picture of the window is sharply 
defined when the sheet of paper is exactly at a certain distance from the lens — 




Fig. 140.— Union of Parallel Raya. Effected by a Convex Lena. 

in other words, the focal point of any convex lens is at a certain exact distance 
from its optical centre, and we call this the principal focal distance. 

The length of the principal focal distance varies in different lenses and 
furnishes us with a measure of the refracting power, or strength of a lens. If 
we place in conjunction with the first convex lens another ground in the same 
way we find the distance at which the sharply defined image of the window is 
produced to be very much less than when either is used alone; the rays of light 
are evidently refracted much more strongly and the principal focal distance is 
shorter. From this we obtain the law that the shorter the principal focal dis- 
tance of a lens the stronger is its refractive power, or, to express it otherwise, 
the refractive power of a lens is inversely proportional to its principal focal 
distance. Instead of placing two glasses of equal strength upon each other we 
naturally require the optician to grind a single lens of twice the strength. 

The numbering of spectacle glasses is based on the principal focal distance, 
and it is necessary that we should huve a unit lens to which we can refer in 
order to compare the strength of different glasses. The lens that is now gen- 
erally accepted as the unit has a principal focal distance of one metre. Paral- 
lel rays of light that fall upon one side of such a convex lens are so refracted 
that they unite on its opposite side at the distance of one metre from its optical 
centre. 

The refractive power of such a lens with n principal focal distance of one 
metre we call a dioptre. If we place two such lenses one upon the other the 
refractive power of the optical system is doubled and the parallel rays unite at 
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the distance of half a metre, at 100/2 cm or 50 cm. Instead of placing two 
such lenses upon each other we may have a single one ground with a principal 
focal distance of 50 cm, and then we have a lens of 2 dioptres. A convex lens 
of 4 dioptres of refractive power causes parallel rays to unite at a distance of 
100/4=25 cm and so on. A lens of x dioptres has a principal focal distance 
of 100/ x cm. Inversely, if the length of the principal focal distance of a lens 
is known, its refractive power can be given at once. A lens with a principal 
focal distance of 10 cm has 10 dioptres of refractive power. Hence when we 
wish to determine the number of a lens all we have to do is to ascertain its 
principal focal distance. But how is this to be done? 

Let us take this glass which is worn by a patient who has been operated on 
for cataract. All that is necessary is to focus the image of the window upon 
the paper and to measure the distance from the paper to the lens. The dis- 
tance is about 10 cm, and as the principal focal distance of this glass is 10 cm 
its strength is 10 dioptres. The focal distance of strong convex lenses may be 
measured in this manner by the direct determination of the focal point, but in 
practice this method is applicable only to strong ones. An attempt to obtain 
a picture of the window with a weak convex lens in this way will not succeed; 
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Fig. 141.— Dispersion of Parallel Rays of Light by a Concave Lens. 



a darkened room and a complicated preparation for the experiment are neces- 
sary for its success. We therefore use another method to ascertain the prin- 
cipal focal distance, but before we can deal with it we must turn our atten- 
tion to another set of lenses, the concave glasses. 

Concave glasses act in exactly the opposite way to the convex. They do 
not collect, but disperse the rays of light that fall upon them. The course of 
the rays of light through a concave lens is as follows : 

The principal focal distance lies on the same side of a concave lens as the 
parallel rays that impinge upon it ; it is therefore a negative principal focal 
distance and is indicated by the sign — . These two kinds of glasses act as 
forces in opposite directions and their focal distances serve as standards with 
opposite signs. This provides a very simple way in which to ascertain the 
strength of a lens ; all we have to do is to neutralize it with a glass of the same 
strength ground in the opposite way, for if we place two such glasses together 
the effect of each is neutralized and a plane glass is formed. This is the so 
called compensation or neutralization method. The number of the glass that 
neutralizes the optical effect of the one being examined gives us the number of 
the latter. 

One thing more is necessary — how to learn at once whether a given glass is 
convex or concave. This may be told by feeling of them when the lenses are 
strong, but not when they are weak. Another method, which likewise is appli- 
cable only to strong lenses, is to look through them at the second hand of a 
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watch; the hand will look larger through a convex lens and smaller through 
a concave. A method which is applicable to all glasses and reveals even the 
minutest degrees, is that of prismatic displacement. 

We may conceive of a convex glass as composed of two prisms with their 
bases together and their refracting edges directed upward and downward. If 
we hold a weak convex lens close in front of the eye and look through its centre, 
as it were directly through the dividing line of the two prisms, we sec the lamp 
in front of us in its right place, but as soon as we move it slightly up or down 
the lamp appears to move in the opposite direction. If the glass is moved down 
the lamp seems to go up. This is explained by the prismatic actic 
glass. A prism deviates parallel rays 
toward its base, so if such a double prism 
is moved downward from the line of fixation 
the rays that pass through the line divid- 
ing the prisms no longer enter the eye, but 
raja Utter which have fallen upon the prism 
above and have been deviated downward, so 
we see the object along a prolongation of 
the line of entrance of these rays, i.e., above. 

The prismatic action of concave lenses 
is the exact reverse. We may imagine a 
concave glass to consist of two prisms with 
their apices together. If we look at a dis- 
tant object through a concave glass and 
move the latter before the eye the object 
makes an apparent movement in the same 
direction. Thus we are able to tell at once 
whether a patient is wearing a convex or a 
concave glass. We then take systematically 
from our test case glasses ground in the 
opposite way, beginning with the weaker 
numbers, 1 D, 2 D, etc., place them upon 
the glass to be examined, move the com- 
bination about before our eyes, and replace the trial lens with a stronger one 
until we obtain a combination with which we can see no apparent movement 
of an object looked at through it. Then we have learned the number of the 
glass from that of the trial lens needed to neutralize it. This method is very 
accurate, and variations of 0.5 and .25 D can be perceived at once. 

A very useful instrument for the same purpose is the lens measure. We 
press the spring against the centre of the glass and the indicator shows at once 
the refractive power of the surface in dioptres. 

189. The Reduced Eye and the Visual Acuity 

When a patient comes to us to have his eyes examined the first question for 
us to investigate is whether the eyes are optically normal or not, for abnormali- 
ties in the dioptric apparatus are very common causes of visual trouble. A 
human eye is normal when both its construction and its functional power are 
normal. 

I have already compared the human eye to a camera obscura and the com- 
parison may be extended. As the photographic apparatus must be rightly 
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focussed in order to receive a sharply defined picture upon its sensitive plate, 
so the human eye must be correctly focussed in order to receive clear images 
on its retina. In the photographic camera the focussing is only a question of 
the proper adjustment of a single lens, but in the eye quite a number of re- 
fractive media have to be taken into account: the cornea, aqueous, lens, vit- 
reous, and their surfaces. If we wish to know whether this dioptric system 
is correctly, i.e., normally, focussed we must know the path followed by the 
rays of light through it, and this we learn by physiological optics, a» has been 
shown by Bonders and Helmholtz, when we take into calculation accurately the 
curvature of the refracting surfaces, the distance from one of these to another, 
and the index of refraction of each of the refractive media, but this problem 
is too complicated for daily practical purposes, so we use the so called reduced 
eye of Bonders to facilitate the calculation. 

We understand by a reduced eye one which has an axial length of 20 mm 
and is composed of a single refractive substance having an index of refrac- 
tion of 1.88. Its anterior surface, corresponding to the cornea, has a radius 




Fig. 143.— The Reduced Eye of Danders. 

of curvature of 5 mm, therefore the centre of curvature is 5 mm behind the 
refracting surface and 15 mm in front of the retina. The centre of curvature 
is at the same time the nodal point of the eye. The nodal point is that point 
in the dioptric system through which the rays of light pass without being de- 
flected. The anterior focal distance of this reduced eye is 15 mm, the posterior 
20 mm, hence the retina coincides with the posterior focal distance. 

We may use the constants given in the following table to compare the actual 
conditions with those of this reduced eye. 

Constants of the Eye according to Helmholtz (rather schematic) 

Radius of curvature of the anterior surface of the cornea .... 8 mm 

Radius of curvature of the anterior surface of the lens 10 mm 

Radius of curvature of the posterior surface of the lens 6 mm 

Depth of the anterior chamber 4 mm 

Thickness of the lens 4 mm 

Thickness of the vitreous 16 mm 

Anterior focal distance 12 mm 

Posterior focal distance 24 mm 

Index of refraction of the cornea 1.88 

Index of refraction of the aqueous 1.88 

Index of refraction of the vitreous 1.88 

Index of refraction of the lens 1.48 — 1.44. 
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The reduced eye differs from the normal in certain important particulars ; 
the axial length of the normal human eye is 24 mm, that of the reducecTeye 20 
mm, yet we can confidently base our calculations on the reduced eye, for the 
results obtained by those calculations are extremely close to those based on the 
conditions of the actual eye. 

Our first duty is to learn the course of the rays of light through the normal 
human eye. The problem is very simple in the reduced eye, which has only a 




Fig. 144. —The Reduced Eye as an Emmetropic Eye. 

single refracting surface and has the retina coincident with the principal focal 
point. Parallel rays of light are so refracted that they unite at a single point 
on the retina. 

When the posterior focal point for distance, i.e., for parallel rays of light 
that enter the eye, coincides with the percipient layer of the retina we call the 
eye normal, or emmetropic. 

By the refraction of an eye we understand its optical condition when it is 
in a state of rest, i.e., when the accommodation is not acting. The refraction 
of a normal or emmetropic eye is therefore such that a sharply defined image 
is cast on the retina when the eye is adapted to infinite distance. In other 
words : Emmetropia is present when the parallel rays of light that fall upon 




Fig. 145. — Calculation of the Size of the Retinal Image in the Reduced Eye. 



the cornea are united without assistance to form a sharply defined image on 
the retina. 

We gan solve another problem while following the rays of light in the re- 
duced eye: we can calculate the size of the retinal image. Let us take an 
example. 

The rod o o f in front of the eye gives rise to the retinal image b o\ We 
can find this retinal image very simply by drawing straight lines from the 
terminal points of the object through the nodal point of the eye to the retina. 
The triangles o o' k and b b' k are similar. Therefore the size of the retinal 
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image is to the size of the object as the distance of the nodal point from the 
retina is to the distance of the object from the nodal point of the eye. The 
values in the reduced eye are known to us: the distance from the nodal point 
to the retina is 15 mm, the radius of the cornea is 5 mm. The size of the ob- 
ject and its distance from the nodal point can be measured. We can there- 
fore easily calculate the size of the retinal image of an object with the help of 
the reduced eye. Take, for example, a rod 1 metre long placed just 15 metres 
in front of the nodal point of the eye and we find the size of the retinal image 
to be 

x : 1000 mm : : 15 mm : 15000 mm 

15000 mm 



x = 



15000 mm 



= 1 mm. 



This problem, to calculate the size of the retinal image, does not come 
within the province of the practicing physician. The most important problem 
for both him and the ophthalmologist to solve is whether the eye undergoing 
examination is normal or not. An eye may be said to be normal or emmetropic 
if parallel rays unite to form a sharply defined image on the retina when it is 
adjusted for distance and no other processes are taking place within it. It 
may be said: That is stated well enough mathematically or physically, but 
how are we to know whether such is the case with our patients? 

We have various methods at our disposal by means of which to ascertain 
the optical construction or the refraction of an eye, some of which are de- 
pendent on the cooperation and the statements of the patient, while some are 
independent of them. The first thing to determine is the visual acuity. 

A certain degree of light sense is requisite to enable us to recognize an 
object, i.e., the eye must be able to perceive the differences in the brightness of 
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contiguous surfaces. The eye must also be able to perceive the form of a con- 
tour and to recognize the details of an object. This function is independent 
in many respects of the light sense. We may call it with Hering the optical 
sense of space, or the optical power of resolution of the eye. 

In the thin! place the eye must be able to interpret correctly the sensations 
excited in order to recognize an object ; here we enter the realm of the intelli- 
gence of the mind. Of those three factors the optical sense of space is the 
most essential, and we may define visual acuity as the ability of the eye to*dis- 
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i separate points or lines. In order that wo may learn to know, and 
above all to measure, this function of the eye let us study this simple drawing. 

Suppose an eye is just able to see the rod a b which is placed 10 m in front 
of its nodal point ; it has a certain visual acuity and the image of the rod a H 
is formed on its retina. We find the size of this retina] image by drawing 
straight lines from the terminal points of the object through the nodal point of 
the eye. These lines enclose an angle which we call the visual angle, or the angle 
of vision. Another man is able to see the same rod at a distance of 20 m; his 
eye evidently has the better vision. The retinal image in his eye is only one 
half the size of that in the other, a /?', and the visual angle is also reduced one 
half. Instead of removing the object farther from the eye we may make it 
smaller. If a b is reduced in size one half, to a b", the retinal image is corre- 
spondingly reduced in size. A third eye may be able to see the object when it 
is still smaller, or when it is removed still farther away — the vision of that eye 
is still better. 

The acuity of vision is determined by the smallest angle with which an 
object can be seen. The smaller the angle the smaller the retinal image, the 
greater is the visual acuity. The visual acuity is inversely proportional to the 
angle of vision. 

The interval between two points at a certain distance which just enables 
them to be perceived separately is called the minimum separabtle. 

The purpose of the test of vision is to determine the limits fixed for the 
sense of form, the ability to distinguish two points or lines. There is still one 
thing more that we must have before we turn to the practical estimation of the 
visual acuity, and that is a unit angle. 

This unit angle is the visual angle of 1 minute. Snellen ascertained that 
the angle of 1 minute was the smallest visual angle with which two points could 
still be perceived to be separate by a number of normal eyes, and the practical 
determination of vision is based upon this fact. The vision of an eye is the 
sharper and better the farther away or the smaller are the objects that it is 
able to see. Hence we have two ways in which we may test the visual acuity: 
we may either take an object of a given size, remove it farther and farther from 
the eye and ascertain the distance at which it can just be recognized, or we 
may keep the distance constant and present smaller and smaller objects until* 
we have ascertained which is the smallest that can be correctly perceived by 
the eye. 

Letters and figures have long served as suitable test objects for the de- 
termination of the visual acuity. The test types based on the principle enun- 
ciated by Snellen that the visual angle of 1 minute is the smallest with which 
two points can be distinguished as separate, and known as Snellen's test types, 
are the most commonly used. Each letter is inscribed in little squares. Near 
the top letter we see the inscription D=60 m. This means that an eye with 
normal vision can recognize this letter at the distance of 60 in, the distance 
at which the entire letter subtends a visual angle of 5 minutes and each in- 
dividual stroke of the letter an angle of 1 minute. We may, therefore, say that 
an eye which can distinguish the details of this letter at 60 m has normal 
visual acuity. 

Suppose now that we take a patient who has a dense corneal opacity in one 
eye, with which he cannot recognize this letter at 60 m, but can when it has 
been brought as near as 6 m. The vision of that eye is less than normal; 
instead of 60/60 it is only 6/60. This gives us the formula for the expression 
of our findings by the test of the vision. 



776 



TEST TYPES 



We t 



■ the 



al acuity of i 



■ by a fraction, the numerntor i 



; express 
which gives the distance at which a letter of the Snellen test types can actually 
bp read, the denominator the distance at which it thould be read by the normal 
eye. To express the same idea differently: The visual acuity of an eye is the 
distance at which two points can be distinguished as separate divided by the 
distance at which they subtend an angle of 1 minute. This gives the formula 
V=d/D, d denoting the number of metres at which the reading is done, D 
the number of metres at which the letter could be read with a normal eye. 

Let us take another example: An eye that reads the letters of the second 
line, which should be recognizable normally at 30 m, only at the distance "f 
6 m has a vision not of 30 30, but of G/30. It would be quite impracticable, 
not to say impossible, in our rooms to test the vision at such great distances 
as GO and 30 m, so the first method of testing the vision, by moving an object 
to a greater distance, is used in practice only when the visual acuity of an 
eye is so low that the largest letter of the test types cannot be recognized 
at the distance of the length of the room. In such a case we hold our out- 
stretched fingers in front of a dark background, ask the patient to count them 
and advance toward him step by step until we have ascertained the inimlur 
of metres at which he is just able to see and count them. The width of the 
lines of the largest letter on the chart is approximately the same as that of 
each of our fingers. Here is a patient with a grave disease of the retina. He 
cannot see the largest letter of the test types at 6 in, so he has not 6 60 of 
visual acuity. I hold mv fingers up before him and find that he can count 
them at 2 m. so we may say V — fingers at 2 m, or approximately 2/60. Some- 
times we need to add fingers excentrically, to the temporal or to the nas 
side, upward or downward. 

As a general rule, we use the second method of testing. We have the 
patient read the letters on the test card, beginning above with the larger ones, 
keeping the distance unchanged. This patient reads all of the letters on 
Snellen's test chart, even the smallest. His vision is therefore 6/6, or normal. 

The distance at which we make the test is of no particular consequence. 
We are working with a chart adapted to a distance of 6 metres, but as every 
physician has not as long a room as this at his disposal, test charts have been 
devised and adapted to 5 m, i m, and 3 in, but the test should not be made 
at a shorter distance than 5 m, because the accommodation should be relaxi 
while we are making the examination, and this relaxation is obtained only win 
the eye is looking at an object in the distance. When the accommodation 
is relaxed the glass necessary to give distinct vision in the distance is also t.l 
correction of the abnormal refraction of the eye. 

It has already been stated that these test types are based on the principle 
that the visual angle of 1 minute is the smallest with which it is possible to 
perceive two points to be separate, or with which the form of a given object 
can be recognized, Although this method, which is in daily use, gives the 
impression that it is very exact, it is not, and this has been known for many 
years. 

The first question that arises in this connection is whether the angle of 
t minute is actually the smallest on the average with which two points can 
be distinguished to be separate by the normal eye. We often meet with young 
persons whose visual acuity is much greater than can be expressed by 6/6. 
Cases in which the vision is one and a half or twice the normal arc very com- 
mon. Cohn has seen eyes in which the vision was six and eight times the 
normal. Hence it is possible for us to have a patient with a considerable ini- 
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pairment of vision whose visual acuity is 6/6, if previously he had 6/4 or 6/8. 
The frequent occurrence of low degrees of astigmatism especially has not been 
taken into account in the construction of Snellen's test types. Hence a vision 
of 6/6 does not represent the best vision of a normal eye, but only an average 
value which suffices for most of the demands of ordinary life. 

If we should improve our test types by taking the maximal ability of a 
normal eye as the unit we would place ourselves in an unpleasant situation, for 
we would be obliged to call the vision of the overwhelming majority of people 
subnormal, as a visual acuity of eight times Snellen's unit is an extremely rare 
exception. The minimum of the visual power of normal eyes is likewise not 
useful as a unit, because the vision of most normal eyes is better than this. 
The only thing that is left is to establish a new average value by the ex- 
amination of many emmetropic eyes, and this results in a unit that is higher 
than Snellen 9 s 9 because the fact is that most emmetropic eyes are able to do 
more than Snellen thought. 

A second disadvantage of the test types hitherto in use is this: Snellen 
started from the hypothesis that just as large a visual angle was needed for 
the recognition of the individual parts of a letter as for that of a point, but 
this hypothesis is not correct. Other factors enter into the recognition of 
letters besides the smallest visual angle. Their recognition does not depend 
wholly on the distances between the points and lines of which the test letters 
are composed, but relies a great deal on their forms and areas. Under certain 
circumstances the entire impression of the form of a letter is not obtained 
through the retinal image alone, but through the movements of the eye carried 
along its contour. These facts have not hitherto been taken sufficiently into 
account in the construction of most of the test types used, and this explains 
how it is that their most striking fault, the one most generally recognized, is 
that a row of characters of the same size are by no means uniform in the ease 
or difficulty with which they can be deciphered. In other words, characters 
of the same size do not make equal demands upon the power of vision. There 
are some small characters that can be recognized when other larger ones can- 
not. Hence objects of the same size and seen with the same visual angle are 
not discerned equally well. The discernibility of all of our letters is dependent 
on a considerable number of factors. It is evident that such difficulties render 
it impossible to ascertain accurately the true power of perception of an eye 
that is undergoing examination. This source of error in so essential a method 
of examination has long been recognized, and all manner of suggestions have 
been made to improve our test types, but a real improvement has not yet been 
obtained. This is shown by the fact that most widely different results, that 
cannot easily be compared together, are obtained with different test types "in 
one and the same eye. 

The best test types yet obtained are LandoWs black rings, interrupted at 
certain places by a space with parallel margins, printed on a white ground. 

An international commission under the presidency of Hess has of late been 
studying the problem how to minimize the sources of error in our test types 
and to suggest a uniform test. My clinic has contributed a proposal to this 
international commission, based on special researches. In a scientific sense 
we have as yet no uniform, unobjectionable method of ascertaining the visual 
acuity. We still adhere to figures and letters, which have been found to fur- 
nish a more uniform measure of the power of perception than other characters, 
but it is necessary that the sources of error in the old test types should be 
eliminated. These sources of error are: 1, the average vision of the normal 
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eye has been too much underestimated in the charts heretofore used, and 2, 
the characters used in the same line cannot be deciphered with sufficient uni- 
formity. In addition to this the results obtained by an examination with one 
chart cannot be compared with those obtained with another. This can be 
shown best by means of the following table, which was compiled by my as- 
sistants, Gebb and Loehlein. 



The characters nominally to be 
read at 5 metres in the test 
types of 



Heine 
Schweigger 

Roemer . . . 



Actual average distance of perception for emmetropic eyes 



11m! 10 m 9m 8m! 7m :6m! 5m 



714 
L 



7 






3 

43 P6 

2T 

E 



8 

5 
C 



65UD 

RS7 

L 



4 m 3 m 



In view of these difficulties it seems to be certain that there is only one 
way in which to obtain a satisfactory chart. We must take as a measure 
of the normal visual acuity a size corresponding as closely as possible to the 
actual conditions, after it has been demonstrated that the average visual acuity 
of emmetropic eyes is greater than it has been supposed to be. We must place 
together in a row only such characters as have been proved to be perceptible 
to normal eyes with about the same degree of ease, when the choice of the 
characters by the smallest visual angle alone has not fulfilled this postulate. 
The test chart that I use combines these two principles. 

The test types should be illuminated by constant artificial light, for Cohn 
has proved that the daylight may change in a few minutes from 19 to 106 
metre candles. 

The chart is made in a quadratic form, because in this way a uniform 
illumination is best guaranteed. Now that we know that the visual angle is 
not the only decisive factor in the recognition of letters, figures and forms 
we will substitute the term vision for visual acuity and the formula then reads 
V (Visus, acuity of discernment) =d/D. The chart is placed at the dis- 
tance of 5 metres, and with it we test each eye of the patient in turn. If the 
patient can read only the top row, V= 5/50=0.1 of the normal vision. This 
is the principle of one of the most important examinations of the eye that we 
have to perform, the testing of the vision, and this is the way in which it is 
done. Each individual test of the vision serves primarily to answer the ques- 
tion: Is this eye normal or not? It also tells us whether the visual function 
of the eye is normal or not, for if its visual acuity is perfect its functional 
power is normal. 
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190. The Three Conditions of Refraction of the Human Eye and 
Their Determination in Practice through the Vision 

The human eye has a normal construction, or has an emmetropic refrac- 
tion, if parallel rays are focussed on its retina when it is adjusted for dis- 
tance and the accommodation is not called upon for assistance, that is, when 
the retina lies in the principal focal distance of the dioptric system. The 
point for which the eye is focussed when in a state of rest we call the far point 
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Fig. 147.— Course of the Rays of Light in Emmetropia. 
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of the eye (P. 7?.=punctum remotum). This far point lies at an infinite dis- 
tance from an emmetropic eye. . 

Two principal deviations are possible from the normal or emmetropic re- 
fraction: the eye may be too long in proportion to its refractive power, when 
we call it nearsighted or myopic, or it may be too short, when we call it far- 
sighted, or hypermetropic. 

Course of the Rays of Light in Myopia 

When an emmetropic eye is in a state of rest parallel rays of light are 
focussed on its retina so as to form there a sharply defined image, and the 
eye sees distant objects clearly, but when the eye is myopic, that is, when 
it is too long in proportion to its refractive power, these rays are not focussed 
on the retina. Their course can be readily understood from a study of these 
drawings. 




Fig. 148. 



P.R. 




Fig. 149. 

Course of the Rays of Light in Myopia. 
Far Point (P. R.) at a Finite Distance from the Eye. 
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Parallel rays of light that enter the myopic eye while in a state of rest 
must intersect in the vitreous, cross, become divergent and fall upon the retina 
in diffusion circles ; hence the eye cannot see distant objects clearly. The only 
rays that can be focussed on the retina are those that are divergent and come 
from a point situated at a finite distance from the eye, which is its far point. 
The vision of such an eye for all objects situated beyond this point is indistinct, 
it is distinct only for objects that lie only a short distance away, hence the 
name shortsightedness, or nearsightedness. The far point of the myopic eye 
is of interest for two reasons. 

1. The nearer the far point lies to the eye the greater is the degree of 
myopia, for the farther in front of the retina the parallel rays intersect the 
more indistinct are the retinal images and the larger are the diffusion circles. 
The degree of myopia can therefore be determined through the position of the 
far point. 

2. The determination of the far point gives us not only the degree but 
also the correction of the myopia, for as the rays that come from the far 
point, which is situated at a finite distance in front of the eye, are the only 



Fig. 150.— Correction of Myopia by a Concave Glass. The Parallel Rays That Fall upon 
the Glass Are Given the Same Direction as though They Came from the Far Point 
of the Eye. 

ones that can form a distinct image on the retina when the eye is at rest, 
we shall be able to make such an eye see distant objects clearly only when 
we give the parallel rays coming from those objects the same degree of diver- 
gence as those that come from the far point. Now we need to make use of 
what we have learned in regard to spectacle glasses. Suppose that we have 
a myopic eye and that we find the far point to be situated 25 cm in front 
of it. I will hold a concave glass of 4 D in front of it as it looks into the 
distance. The parallel rays of light that fall upon the glass will be rendered 
divergent, as though they came from its focal point : but this focal point lies 
25 cm in front of the lens and therefore coincides with the far point of the 
eye. Hence the parallel rays of light are so directed as to be focussed into 
a sharply defined image on the retina of the nearsighted eye, which imme- 
diately sees distant objects clearly because its nearsightedness is corrected. 
From this we learn two facts: The myopic eye sees distinctly at an infinite 
distance vith the concave glass ichich has a focal distance equal to the dis- 
tance of the far point from the eye. We disregard for the present the distance 
of the glass from the vertex of the cornea. Reversing the above proposition 
we may say: The focal distance of the concave glass vcith which the myopic 
eye h able to see distinctly at a distance gives us the position of the far point 
and the degree of myopia. In the example given a concave glass of 25 cm 
fecal distance is needed and the eve has a myopia of 4 D. 

The second deviation from the normal, emmetropic refraction is hyper- 
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metropia. The chief cause of myopia is an optic axis that is too long, that of 
hypermetropia is one that is too short. 

The course of the parallel rays of light which fall upon the cornea is 
shown by the accompanying diagram, which shows that parallel rays are 



Fig. 151. 




Fig. 152. 
Coarse of the Rays of Light in Hypermetropia. 

refracted so that they would intersect behind the retina. For the sake of 
simplicity we will assume that the cone of rays of light is not cut off by the 
retina before it reaches its apex. If we repeat the experiment with divergent 
rays, drawing an object from infinite distance toward the eye, we find that 
the rays focus farther and farther behind the eye and that the circles of 
diffusion constantly grow larger. The hypermetropic eye is so constructed 
that when it is in a state of rest such rays only are focussed on the retina 
as fall upon it with a certain degree of convergence. The refractive power 
of the dioptric system is able to focus upon the percipient layer of the retina 
such convergent rays alone. If these convergent rays that enter the eye 
are prolonged we find that they will intersect at a certain point behind the 
eye, and we call this the far point. Hence the far point of a hypermetropic 
eye is behind the eye. There is no true point of intersection of these rays, 
we can only note their direction, and we accordingly indicate the far point 
with the negative sign: — R. Now the question is: How shall we be able to 
focus parallel rays of light on the retina of a hypermetropic eye? It is 
evident that such rays must be more strongly refracted, must be gathered 
together, that the refracting power of the eye must be aided. 

In youth the hypermetropic eye can help itself by increasing the curva- 
ture of the lens by means of the mechanism of the accommodation. The zonule 
is relaxed in consequence of a contraction of the ciliary muscle and then the 
lens is compelled by its elasticity to assume a more nearly spherical form and 
its surface becomes more curved. When the hypermetrope wishes to see dis- 
tinctly at a distance, to focus parallel rays of light upon his retina, he must 
give his lens an increased degree of curvature. We may do this work for him 
and substitute for this increased curvature of the lens a suitable convex glass 
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held in front of the eye, which represents to a certain degree the same additional 
lens power that the eye otherwise produces spontaneously by means of the 
accommodation. The strength of this convex lens is dependent on the dis- 



Fig. 153.— Self Correction of Hypermetropia by tne accommodation. 

tance of the far point. Let us suppose that the far point of a hypermetropic 
eye is situated 25 cm behind it. The only rays that can be focussed a priori 
on the retina are those that enter the eye with such a degree of convergence 
that they will meet at that point when they are prolonged. What convex glass 
do we need to enable parallel rays to be focussed in this manner? Evidently 



Fig. 154.— Correction of Hypermetropia by the Interposition of Convex Glasses. 

a glass of +4 D, as it has a focal distance of 25 cm. If we neglect again 
the distance of the glass from the cornea such a lens will give the rays of 
light the same direction as if they came from the far point of the hypermetropic 
eye. The focal point of the lens and the far point of the eye coincide. Hence 
in hypermetropia the focal distance of the glass with which the hypermetrope 
sees clearly at a distance, or with which parallel rays of light are focussed on 
his retina, gives us the degree of the hypermetropia. Everywhere and always 
we meet with the importance of the far point, which may be thus defined: 
The knowledge of the position of the far point of an eye gives us at once its 
optical construction in a state of rest, in other words, its refraction. We 
know that if the far point of an eye lies in infinity, that is if parallel rays 
of light are focussed on the retina without any assistance from within or 
without the eye, we can say at once that this eye is emmetropic, or normally 
constructed. If the far point is situated at a finite distance in front of the 
eye we know the eye to be myopic, and if the far point is behind the eye we 
know the case to be one of hypermetropia. This is sufficient for the theory, 
we will turn now to its practical application. 

The first step toward learning what is the refraction of an eye, i.e., toward 
determining its far point, is to test the vision. We place the patient at the 
proper distance in front of the test types and then the first question to be 
answered is whether he is emmetropic, hypermetropic, or myopic. 

The patient reads all the characters on the chart, including the row D=5, 
therefore V— 5/5=1, he has perfect visual acuity. I must call attention to 
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one point: the rays from the small letters on the chart at this distance form 
so small an angle when they pass through the pupil of the eye that we- con- 
sider them practically parallel, or as coming from an infinite distance. Thus 
we are dealing here with the parallel rays of which so much has been said. 

First of all, we know that this eye cannot be myopic, for parallel rays 
cannot be focussed on the retina of a myopic eye without proper correction, 
but must create circles of diffusion. Hence the eye must be either emmetropic 
or hypermetropic. 

A hypermetropic eye can focus parallel rays of light on its retina, that 
is, it can see well at a distance, as long as it has at its disposal a sufficient 
amount of accommodative power and is able to increase the imperfect re- 
fractive power of its dioptric system by causing the lens to assume a more 
spherical form. If the patient is hypermetropic he can see the lowest row 
of letters, D=5m, i.e., he can focus parallel rays upon his retina, only when 
he increases the curvature of his lens somewhat by means of his accommodation. 
The hypermetrope does this only when it is necessary in order to obtain dis- 
tinct vision. We can save him a part of the effort when we place a convex 
lens before his eye, as he then relaxes his accommodation, or calls upon it only 
.for sufficient effort to enable him to perceive the characters distinctly with the 
aid of the convex lens. 

The emmet rope cannot do this. If we place a convex glass before an 
emmetropic eye adjusted for distance the eye immediately becomes nearsighted 
and does not see weh far away, because it can no longer focus parallel rays 
of light upon its retina. Hence, when an eye has equally as good or better 
vision with a convex glass as without it, it is hypermetropic. 

When I hold a -\-l D glass in front of the eye of this patient he says at 
once that it impairs his vision, that he can no longer read line D=5. This 
proves that his eye is neither myopic nor hypermetropic, but emmetropic with 
a vision of 1. His far point is at infinite distance in front of his eye. The 
test of the vision always amounts to the determination of the far point and of 
the nature of the refraction of the eye. 



191. The Mechanism of Accommodation in the Human Eye and the 
Determination of the Amplitude of Accommodation 

This boy, ten years old, has normal, emmetropic eyes, and the visual acuity 
of each is likewise normal. Atropin has been instilled in one eye, the pupil 
of which is dilated and no longer reacts to light. But it is not the pupil 
alone that has been paralyzed. If the boy is asked to read first with one 
eye and then with the other we find that he is unable to do so with the eye 
that is urider the influence of atropin. The important mechanism of which 
we make use every minute and by means of which we are enabled to see near 
objects has been done away with. This mechanism is that of the accommo- 
dation. 

By accommodation we understand the ability of the eye to focus upon 
objects at different distances in the interest of distinct vision, so that a sharply 
defined image will be formed on the retina. Every physician should be well 
acquainted with this process, not only because of its practical importance, but 
also on account of its scientific interest. 

We hare three problems to solve in connection with this subject. First, 
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wc must know what actually takes place in the eye during accommodation. 
Second, we must get an idea how these changes come to take place. Third, we 
must learn how to determine and measure the power of accommodation 
practice. 

I The Objective Changes in the Eye during Accommodation 

When I ask the boy to look off at a distance with the eye into which atropin 
has not been instilled and then to look quickly at this pencil the pupil is seen 
to contract as the eye becomes adjusted for near. The contraction of the 
pupil is the sign of accommodation that has been known for the longest time. 
It is due altogether lo the innervation of the oculomotor nerve and has noth- 
ing to do with the quantity of blood in the iris or ciliary body. 

Tfc.il contraction of the pupil u accompanied by an advance of the anterior 
vertex of the lens. This phenomenon may perhaps be seen when we look at 
the eye in profile, but it is to be observed more distinctly with the binocular 
loupe. In order to give an idea of how much the anterior vertex of the lens 
advances, I may say that according to Helmholts the advance amounts to 
0.4 mm in persons who are young and have a strong power of accommodation. 

The changes in the peripheral portions of the anterior chamber are less 
marked, yet the peripheral parts of the iris may sometimes be seen to recede 
a little. 

The fourth symptom of accommodation is much more important. The an- 
terior surface of the lens bulges strongly into the pupil, as can be seen with 
Zeis*' loupe from the anterior lenticular image, which appears as a clear, 
faded, shagrecned looking spot, the granular aspect of which is due to the 
fact that we can see the capsular epithelium of the lens. The change of 
curvature of the posterior surface of the lens is much less important than 
that of the anterior. The lens itself increases in thickness during accommo- 
dation about 0.4 mm, according to Helmholts from 8.6 to 4 mm. The changes 
of form in the peripheral portions of the human lens play no part in accom- 
modation ; it is only in the eyes of birds, as has been shown by Hens and 
Fimhcr, that the peripheral portions of the anterior surface of the lens are 
flattened by a lateral pressure of the ciliary processes. 

Hem has also discovered that the lens shakes distinctly during strong 
accommodation, when little twitching movements are made with the eye. This 
shaking may be so great as to cause the iris to tremble. If the observer will 
Watch the posterior lenticular image while the person employed for the experi- 
ment accommodate!, it will be seen to make slight movements whenever the 
eye itself twitches. According to Heat the lens may also change its position 
during accommodation, during strong accommodation it sinks from the force 
nf gravity from 0.25 to 0.3 mm. This sinking of the lens may be recognized 
entoptically. The spectrum of the lens may be seen entoptically by looking 
through a pinhole made in a card and is always found to contain little irregu- 
larities. By alternately covering and uncovering the little opening the con- 
traetion of tlie pupil can be perceived entoptically. If now attention i- con- 
centrated upon one of the entoptically perceived points hi the lens 
be seen that after the contraction of the pupil the point in the Irns rises dtiriti; 
accommodation and falls again when the accommodation is relaxed. 
apparent movement of the point in the lens upward corresponds, as is 
proved, to a sinking of the lens during accommodation. 

All of these symptoms may be demonstrated still more distinctly when we 
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instil eserin and so excite a strong contraction of the ciliary muscle, the 
muscle of accommodation. 

It has been shown in eyes in which a defect in the iris had been produced 
by traumatism or operation, that the ciliary processes make a distinct move- 
ment forward toward the lens during accommodation. They are moved by the 
contraction of the ciliary muscle toward but not up to the plane of the 
equator of the lens and not backward. Occasionally in such eyes the fibres 
of the zonula may be visible as fine lines. The modern researches of Hess 
have also shown that the margin of the lens is slightly wavy in the atropinized 
eye, 'while in the eserinized eye it has rather a smooth circular form. 

The measurements made by Hess on eyes that were treated with atropin 
and eserin shortly before death prove that the equatorial diameter of the 
lens during accommodation in a person 20 years old is from 0.4 to 0.5 mm 
less than its equatorial diameter when the accommodation is relaxed, 

IL The Theory of Accommodation 

The following theory of the mechanism of the accommodation was ad- 
vanced by Helmholtz. "The crystalline lens is an elastic body upon which 
traction is made in a radiating direction by the tension of the zonula which 
is attached to its margin and is therefore somewhat contracted in the direc- 
tion of its symmetric axis. . . . The radiating fibres of the ciliary muscle 
running in the direction of the meridian of the eye, which end in the tissue 
of the chorioid at the posterior extremity of the ciliary processes, draw for- 
ward the posterior end of the zonula, which is firmly attached to the chorioid 
and vitreous lamella at this place, and relax the tension exerted by the zonule 
upon the periphery of the lens, so that in consequence the lens contracts in the 
direction of its diameter and becomes thickened in the direction of its axis." 
Hess rendered a great service to ophthalmology by the researches in which 
he confirmed the correctness of the first part of Helmholtz's theory, by definitely 
proving that the increased curvature of the lens is due to a diminished tension 
of the zonule. 

The ciliary muscle, or the muscle of accommodation, consists of two por- 
tions, the layer of circular fibres or Mueller's portion, and the layer of longitu- 
dinal fibres, or Bruecke's portion. The firm anterior insertion of this muscle 
lies at the corneoscleral margin, while its posterior end is lost in the chorioid. 
It is supplied by the oculomotor nerve. When the muscle contracts the super- 
ficial portion of the ciliary body and the most anterior portion of the chorioid 
are drawn forward. The circular muscle fibres are the principal ones called 



Fig. 156.— Circles of Diffusion when the Eye Is Incorrectly Focussed. 

into action in accommodation and we consequently find this part of the muscle 
particularly well developed in eyes which have to accommodate a great deal. 
Both parts of the muscle cause by their contraction a forward movement 
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of the ciliary processes and so a relaxation < 
Hess says, the entire muscle acts as a "protractor corporis cilinris." Yoelckert 
and Hensen have shown this by demonstrating the forward movement of the 
chorioid when the muscle was stimulated by observing the movement of needles 
that had been stuck into the eye. 

It is possible for one to convince himself of the activity of the ciliary 
muscle in his own eye; he can feel its action when he makes the following ex- 
periment. Close one eye, look at a book with the other and hold the point 
of a pencil between the book and the eye. The lines of print and the point of 
the pencil cannot be seen distinctly at the same time; either the print ca 
be read and the point of the pencil seems blurred, or the point of the pencil 
can be seen plainly and the print is indistinct. If the pencil is held close 




Fig. 156.— Vision in Circles of Diffusion. 

in front of the eye and the focus is changed from the book to the pencil it 
will be felt that it takes an effort to do this, that a change takes place in 
the eye. This effort that is felt is the action of the accommodation. It may 
also be felt that the strain relaxes as soon as the fixation is changed from 
the pencil to the book. Anyone may convince himself by this experiment that 
a change of focus in the eye is produced by muscular activity — by the con- 
traction of the ciliary muscles. 

The reason why the point of the pencil cannot be seen distinctly while thc 
eyes are fixed on the book is very simple: the former is seen only in circles 
of diffusion. It may be readily seen from the diagram that rays coming 
from the point of the pencil have a greater divergence than those coming from 
the book, and must therefore intersect behind the retina as long as the ad- 
justment of the eye is unchanged. Naturally the cone of rays is truncated 
by the retina before it comes to a point, and a circle of diffusion is therefore 
produced on it instead of a sharply defined image, because the base of the 
cone is formed by the round pupil. 

11V must always sec in circlet of diffusion when the eye is not correctly 
focussed upon the object of fixation. The larger these circles of diffusion 
are the more indistinct must he the vision, and their size depends mainly on 
the following factors. 

If we interpose a third object between the point of the pencil and the eye 
the rays from this would intersect still farther back behind the retina and 
the cone of rays will be truncated by the retina still farther from its apex. 
The circle of diffusion is therefore proportion/dig greater as the adjustment" 
of the eye is the more inaccurate. 

Further, it can be easily shown that the size of the circles of diffusion is 
dependent on the size of the pupil. The transverse section of the cone of 
rays is smaller when the diameter of the pupil is less, as may hi' seen from this 
drawing. I mention these phenomena hecausc they are of practical importance. 
Tile fact that myopes seem to see better at a distance as they grow old is 



THE LENS IN ACCOMMODATION 



787 



partly due to the contraction of the pupils in advanced age. Elderly far 
sighted persons often desire a bright light because the circles of diffusion 
have been made smaller by a contraction of the pupil. 

The primary cause of the change that is constantly tnking place in the 
optical activity of the eye is the work of the ciliary muscle by means of which 
a relaxation of the zonule is brought about. The question naturally arises: 
How does the relaxation of the zonule affect the lens? A young lens is very 
elastic and its elasticity depends mainly on the constitution of the lenticular 
capsule. Under normal conditions, with the accommodation excluded, the 
fibres of the zonule exert a uniform traction upon the capsule by which the 
lens is kept flattened, but as soon as this tension of the zonule is relaxed the 
young lens, which is able to accommodate, immediately tries to assume a spheri- 




Fig. 157.— Depender 



j of the Size of the Circles of Diffusion upon the Diameter 
of the Pupil. 



cal form. We see this in patients whose zonule is torn in consequence of 
luxation or subluxation; the lens becomes more globular and causes an increase 
of the refraction, a myopia. 

This tendency of the lens to assume a spherical shape after the zonule 
has been ruptured is to he seen still more clearly when we have an opportunity 
to examine this organ after it has been extruded from the eye of a young 
child, through the perforation made hy a gonorrhceal ulcer of the cornea. 
Such a lens is almost in the form of a ball, while we know that it is flattened 
in situ. The relaxation of the zonule in accommodation is brought about by 
the contraction of the ciliary muscle. As this muscle contracts the circle 
formed by the ciliary processes becomes smaller, the apices of the ciliary 
processes move forward, and then the lens is enabled to assume a shape in 
conformity with its elasticity, because the zonule has become relaxed by this 
movement; the lens takes on an increased curvuture, the middle of the an- 
terior chamber becomes shallower, the lens trembles slightly and sinks a little 
from its own weight. This is the way in which accommodation is effected 
in the human eye. The attempt has been made many times to explain the 
accommodative increase of curvature of the lens, not by the relaxation of the 
zonule, but, on the contrary, by an increase of its tension, as by Matinkardt, 
Srhmii. and Tucherning, but all of these hvpotbeses have been disproved by 
Rets. 

III. Determination of the Amplitude of Accommodation 

The entire mechanism of accommodation consists of an increase of the 
refractive power of the dioptric system of the eye produced by an increased 
curvature of the lens. Our patient looks away off into the distance, and the 
next instant he has increased the refractive power of his eye so much by 
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means of his accommodation that he is able to focus upon his retina the rays 
coming from an object situated near by. 

We call that point in space from which a sharply defined image can be 
produced on the retina when the curvature of the lens is the greatest to which 
it can attain, the near point — punctum proximum, or P. 

It must not be imagined that a proximal contraction of the ciliary muscle 




Fig. 158.—- Looking at a Distance, the Accommodation Being Inactive. 




Fig. 159.— The Eye Focussed on the Near Point by the Accommodation. 

is necessary in order to focus the eye upon the near point; the lens attains 
its greatest curvature before the maximal contraction of the muscle has been 
reached. 

The far point of the eye is that point upon which the eye is focussed when 
the curvature of the lens is least ; it is also known as punctum remotum, or R. 

From these two definitions it follows that we will find an expression for 
the accommodation employed if we are able to measure the increase of the 
refractive power which the eye undergoes in passing from the condition in 
which the accommodation is at rest (A) to that in which its tension is greatest 
(P). We call this increase of the refractive power of the eye the amplitude, 
or range, of accommodation. This amplitude we are able to measure. 

As the curvature of the lens is increased in accommodation we may con- 
ceive of this as being accomplished by the interposition of a second small lena 
at the moment of accommodation, by which the refractive power of the dioptric 
system is increased. As may be seen from the accompanying diagram this, 
supplemental lens represents the increase in the refractive power and furnishes 
the desired measure of the accommodation exerted. We cannot determine 
directly the refractive power of this supplemental lens imagined to be present 
in the eye, but we have convex lenses in our test cases, and we can hold them 
before the eye of this boy in which the mechanism of accommodation has beeti 
paralyzed by atropin. He reads at 10 cm with the eye that has not been 
atropinized, but cannot read at all with the other. If I hold a convex lens 
of 10 Din front of his atropinized eye he can read with it at once at the 
distance of 10 cm. Hence it follows that he was able to increase the re- 
fractive power of his normal eye 10 dioptres by means of his accommodation, 
and therefore that his amplitude of accommodation is 10 D. To state this 
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in the form of a general rule: We can express the amplitude of the accommo- 
dation by the convex lent which it able to give rays coming from the near 
point the tame direction that they would have if they came from the far point. 
In this emmetropic boy the far point lies in infinity and the rays coming 
from it are parallel when they strike the eye. If we hold a ■-) 10 D lens in 




Fig. 161.— Imaginary Supplemental Lens to Represent the Accommodation. 

front of the eye that is under the influence of atropin the divergent rays coming 
from his near point assume such a direction after they have passed through 
the lens that they are parallel when they strike the eye, as may be seen from 
this diagram. We neglect the distance between the lens and the eye, for this 
. is of no importance in our practical work. 

In order to be able to apply the above general formula for the deter- 
mination of the amplitude of accommodation we need only to know how to 
ascertain the near point of any particular eye. There arc scientific and prac- 




Fio. 162. —Substitution of a Convex Lens for the Imaginary Supplemental Lens. 

tical methods of doing this. In our practical work we generally determine 
the near point by bringing fine print closer and closer to the eye until it 
begins to appear indistinct. The accommodation acts up to this point. The 
distance of the near point from the eye varies with the age and with the re- 
fraction. When we have reached the point at which line print becomes indistinct 
we measure its distance from the eye and so find the position of the near point. 
This gives us the general formula for the determination of the amplitude of 
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accommodation. Since the amplitude of accommodation represents the in- 
crease of the refractive power of the eye in the transition from the condition* 
in which the accommodation is at rest to that in which its tension is greatest, 
we are able to measure it when we calculate in dioptres the difference between 
the refractive powers of the eye in these two conditions. This is the general 
formula A=P-R 9 in which we have to express the values of the far point 
and near point in dioptres. The eye of this boy is emmetropic, he has no 
accommodation for distance, hence the value of R is 0; P is situated in his 
case at 10 cm. This corresponds to a convex glass of 100/10 cm=10 cm 
focal distance, i.e., to a lens of 10 dioptres. Hence when the refraction is 
emmetropic A=P, in this case 10 dioptres. 

The amplitude of accommodation can be calculated in the same way in 
any case of hypermetropia or myopia from the formula A—P — R. This pa- 
tient has 2 D of hypermetropia. His far point is therefore situated 50 cm 
behind the eye and we indicate it with a negative sign. Such a hypermetrope 

oo Jf*/Ocm. P*3cm. 
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Fig. 163.— Region of Accommodation in a Young Myope of 10 D. 
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Fig. 164.— Region of Accommodation in a Young Emme trope. 
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must accommodate 2 D for distance in order to see clearly. Fine print begins 
to become indistinct 20 cm away. P therefore is situated 20 cm in front of 
his eyes, which corresponds to a convex lens of 100/20 cm focal distance = 5 D. 
His amplitude of accommodation is therefore A=P— fi=5 — (— 2) =7 D, 
Our third patient has a myopia of 10 D. The far point of this eye is at 10 cm 
in front, so we designate it as positive. By having the patient read we find 
that the finest print can be read up to 5 cm from the eye, so the near point 
is at 5 cm, which corresponds to a convex glass of 100/5=20 dioptres. But 
the amplitude of accommodation is not 20 D, for the far point is not situated 
in infinity as in emmetropia. On the contrary, the behavior of this eye when 
the accommodation is at rest is like that of an emmetropic eye without the 
power of accommodation before which has been placed a lens of -J- 10 D. We 
must therefore take 10 D as the value of R and subtract it from the value of 
P. Thus the formula A=P - R serves also for the determination of the 
amplitude of accommodation in myopia. This myope has a range of accom- 
modation of 10 D. 

Let us compare our emmetropic boy with this myope. Both have an 
amplitude of accommodation of 10 D, but the distance between the far point 
and the near point is immensely different, as these diagrams show. 

This distance in space between the far point and the near point we call 
the region of the accommodation. These linear extents include all points in 
space from which a distinct image may be formed on the retina with the aid 
of the accommodation. This space is very great in the young emmetrope, for 
it extends from infinity to a point 10 cm in front of his eye, while in the myope 
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it is very small and has an extent of only 5 cm. The emmetrope can use 
his eyes at all distances at which distinct vision is needed in practical life, 
while the myope sees clearly only for a distance of 5 cm, which in addition 
is situated close to his eye. The emmetrope has the advantage as regards the 
utilization of the accommodation, but the region of the accommodation gives 
us no measure of the work done by the ciliary muscle, for the range of the 
accommodation is the same in both cases. 

The range, or amplitude, of accommodation is due wholly to the physical 
behavior of the lens, which depends essentially on the age rather than on the 
construction of the eye, so that the range decreases regularly as age increases. 



192. The Physiological Decrease of the Amplitude of Accommoda- 
tion and the Prescription of Presbyopic Glasses 

When this patient, who is advanced in years, is asked to read he holds the 
book far away from his eyes. He can no longer accommodate as he could 
when he was younger, so as to read with the print from 15 to 20 cm away. 
It has already been stated that the near point recedes as age advances, so 
that the range of accommodation constantly grows less. This decrease of 
the amplitude of accommodation is a purely physiological process, and we 
need first to inquire into its cause. 

L Cause of Decrease of the Amplitude of Accommodation as Age Advances 

It must not be thought that the working capacity of the ciliary muscle 
decreases with the advance of age, for the decrease of the range of accommo- 
dation begins quite regularly in early childhood. The recession of the near 
point depends altogether on the fact that as age increases our lenses lose more 
and more their softness and elasticity. A nucleus forms in the centre of the 
lens at a comparatively early period. We find it distinctly developed in per- 
sons in the twenties. The central fibres of the lens become thickened in con- 
sequence of the process of sclerosis that is going on within it^ the nucleus gradu- 
ally grows larger, it is harder than the cortex and then the soft cortex alone 
is capable of a change in form when the zonule is relaxed in accommodation. 
Finally, in old age, the entire lens may be composed of a single firm nucleus, 
and then all power of accommodation has been completely lost. 

A lens freshly taken from the eye of a child has a nearly spherical form 
and is very elastic, so when the ciliary muscle contracts in a young eye and 
causes the zonule to relax it immediately increases its curvature. But lenses 
taken from the eyes of elderly people are flattened and hard. No matter how 
strongly the ciliary muscle may contract in such an eye the lens can no longer 
arch its surface, because no soft cortex is present. 

H The Rule Governing the Diminution of the Amplitude of Accommodation 

This recession of the near point, this loss of elasticity by the lens, this 
diminution in the range of accommodation, takes place with a remarkable uni- 
formity from youth to old age so long as the eye remains normal. Donders 
has delineated this change in the accommodation at different ages in emmetropic 
eyes by the following curve: 
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Fig. 166.— Amplitude of Accommodation of an Emmetrope. 
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The line r r gives the position of the far point, the line p p that of the 
near point in emmetropia. On the ordinates are indicated the ages, on the 
abscissae the distances in centimetres between the near point and the far point 
to the right of the corresponding values in dioptres. The distance between 
the two lines thus gives in dioptres the range of accommodation present at 
the different ages. For example : The far point of an emmetrope 25 years old 
is infinity, the near point is 12.5 cm from the eye, and the range of his accom- 
modation is 8 D. When he is 50 years old his range of accommodation is 
only 2 D. 

The far point also recedes somewhat from the eye in old age and the em- 
metrope becomes hypermetropic. It was formerly believed that the lens be- 
came more homogeneous as age advanced, that the index of the cortex in- 
creased more than that of the nucleus, but we know today that the difference 
between the indices of the cortex and of the nucleus does not decrease, but, on 
the contrary, increases considerably as the person grows older. Upon what 
the recession of the far point depends has not yet been sufficiently investigated. 
The actual conditions are of more importance to us. The regular course in 
the diminution of the amplitude of accommodation enables us at times to de- 
termine the age of the person being examined. When the age is too much 
understated the ophthalmologist needs only to determine the amplitude of 
the accommodation, as may be shown by an example. The near point of this 
emmetropic patient is situated at the distance of 20 cm, therefore he is about 
37 years old. 

HL Presbyopia 

When in the course of life this diminution in the range of accommodation 
has reached such a degree that a man can no longer conveniently do his most 
important work, such as reading, writing, and fine handiwork, at the usual 
working distance a condition has developed which we call presbyopia. Read- 
ing is difficult, because the print when held far from the eye appears to be 
very small, though it is still possible to read it for a while when the light 
is strong, because the circles of diffusion become smaller with the contraction 
of the pupil. Reading is soon given up entirely at times when the light is 
not so good. Persons with presbyopia have no pain or other symptoms of 
asthenopia, such as we meet with in cases of hypermetropia, or of imbalance 
of the muscles of the eye, for the diminution of the accommodation in age 
is a physiological phenomenon. It seems to be impossible to make a certain 
age limit responsible for the beginning of presbyopia, for the onset of the 
trouble varies according to the vocations of different men and also according 
to the construction of the eye. Anyone who has been accustomed to do his 
work at a distance of 25 cm will become presbyopic sooner than one whose 
work is at a distance of from 33 to 45 cm. Apart from the vocation the 
development of presbyopia is particularly dependent on the construction of 
the eye itself. The hypermetrope who is continually obliged to use a part 
of his accommodation to enable him to see clearly at a distance must become 
presbyopic earlier than the emmetrope, and the latter sooner than the myope. 
Many myopes do not become presbyopic at all. Those persons who have a 
myopia of 3 or 4 D, whose far point is therefore at 33 or 25 cm, can still 
read at those distances without glasses even in old age, because they use for 
"this purpose not the near, but the far point. Under such conditions the eye 
is exactly adapted to the working distance. Persons with lower degrees of 
myopia become presbyopic later than those with normal eyes. The knowledge 
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of the range of accommodation is prcconditional to our power to aid presbyopea 
by tin- prescription of proper convex glasses, with which we replace what 
thcv have lost. Emmetropes begin to complain of presbyopia, as a rule, 
between the ages of 45 and 50. 



IV. Prescription of Glasses for Presbyopia 

Certain data may be obtained from Dander* curve, which will be of help 
to us in the examination of patients with presbyopia and in the prescription 
of the proper glasses, but we cannot proceed schematically. Take a simple 
example: A carpenter, 60 years of age, has bis work at a distance of 45 to 50 
cm; we must not prescribe simply a glass of +4 D, because he has no accom- 
modation according to the curve, but must prescribe a weaker lens for him 
to wear while he is at work, and, if need be, a stronger one for him to read 
with. Some rules may be given in regard to the prescription of such glasses, 
but a correct conception of how to do it can be obtained only by practice 
First I wish to call attention to two erroneous views that are widespread 
among the hiity concerning the wearing of presbyopic glasses. One is that 
the use of such glasses should be delayed as long as possible. Persons who 
believe this will not "pamper" their eyes for fear that they will the more 
quickly need stronger glasses. Such people struggle along for years without 
glasses to their own injury, for they cannot check the progress of their pre: 
byopia. The process of sclerosis takes its course in the lens just the 
whether they wear glasses or not. We cannot arrest it by exercise and st: 
ing of the ciliary muscles, for presbyopia is due wholly to the condensation 
of the lens. The ciliary muscles as sucli have nothing to do with it. Other 
people begin to wear glasses as early as possible in the hope that they may 
thereby conserve their eyes, but this expectation is unfounded for the same 
reason. The first and main question in the prescription of a presbyopic lent 
is: Shall we give exactly the glass by which the near point is brought to the 
necessary working distance, or shall we prescribe a stronger one t There are 
those who believe that a presbyope must exert a maximal contraction of his 
ciliary muscle when reading at his near point, so, as weariness of the eye 
cannot be prevented under such conditions, a stronger glass should be pre- 
scribed. But we know from the researches of Hess that the strongest con- 
traction of the ciliary muscle is not needed to produce the greatest possible 
increase in the curvature of the lens. It is therefore not necessary to pre- 
scribe stronger glasses than are needed to enable work to be done at the 
ordinary working distance. It is only when the patient will not be apt to 
change his glass after a year or two that we may occasionally prescribe in 
practice glasses that are a little stronger than arc needed. We have to in- 
dividualize in regard to this matter. In the second place the strength oj the 
presbyopic glass depends on the visual acuity of the eye to which it is fitted. 
The poorer the vision the closer must the near point be brought by the gl; 
in order to obtain larger retinal images. Presbyopia is a symptom 
and old people not infrequently lose something of their visual acuity, en 
when their eves are otherwise healthy. 

Numerous researches have been made with regard to the behavior of tl 
visual acuity in aged persons. Although there are many exceptions to tl 
rule yet in general the acutcness of vision decreases as age increases, bccai 
the irregularities of refraction normally present in the lens become great' 
and the opacities in the vitreous are apt to multiply with age. The pupilh 
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conditions also play a part. The diffusion circles become smaller through the 
senile contraction of the pupil, but the aberration of diffraction increases. In 
addition to this, nutritive disturbances take place in the parts of the retina 
sensitive to light in consequence of senile changes, the existence of which can- 
not be positively denied. In the third place the choice of the presbyopic glass 
depends on the refraction of the eye. Weaker glasses must be prescribed in 
low degrees of myopia, stronger ones in hypermetropia. We frequently find 
pathological changes in the eyes of presbyopes. Sometimes they tell us that 
they no longer need to wear convex glasses because they are able once more 
to read without them. It has already been mentioned in the discussion of 
senile cataract that this symptom is due to the development of a lenticular 
myopia, which may be* the precursor of a cataract. In other cases of actual 
cataract an aperture in the pupillary region may permit of vision as through 
a stenopeic slit, which allows of vision at a greater or less distance without 
any change in the dioptric apparatus. All of these conditions show that we 
need to proceed carefully in this functional test of the eyes. To render the 
work easier I append the following table, which gives the correcting lens for 
near work for normal emmetropic presbyopes. 

Correcting Glasses for Near Work According to Holtz 



Age 


Strength of the Glasses 


Age 


Strength 


of the Glasses 




in Dioptres 




in 


Dioptres 


40 


0.75 


65... 




. . 3.25 


45 


1.50 


70... 




. . 8.50 


50 


2.00 


75... 




. . 3.50 


55 


2.50 


80... 




. . 3.50 


60 


3.00 









193. The Objective Determination of the Refraction by the Direct 
Method with the Ophthalmoscope and by Skiascopy 

We have thus far used the test of the visual acuity to determine the re- 
fraction and have found that if in this test an eye needs no glass and does 
not see as well with a convex lens it is emmetropic; if it sees just as well or 
better with a convex glass as without, it is hypermetropic; if it needs a con- 
cave glass it is myopic. Such an examination is often very wearisome and it 
may take a long time to determine satisfactorily the refraction of an eye in 
this manner. For this reason objective methods of examination have been 
perfected which make us independent of the statements made by the patients 
and enable us to determine the refraction *of an eye quickly and positively. 
The two most important of these methods are the measurement of the refrac- 
tion with the ophthalmoscope in the upright image, and skiascopy. 

I. Determination of the Refraction of the Eye by the Direct Method 

In order to determine the refraction of an eye by the direct method, or 
in the upright image, we start from the known fact that the normal em- 
metropic eye is so constructed that, when the accommodation is at rest, the 
parallel rays which fall on the cornea are focussed so as to form a sharply 
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defined image on the retina, and that, inversely, the rays coming from such 
an emmetropic eye emerge parallel to each other. Our ability to see the 




Fig. 166.— Course of the Rays of Light in an Emmetropic Eye. 

fundus distinctly and clearly when we use the method of the upright image 
in our ophthalmoscopic examinations depends upon these two facts. We 
focus the parallel rays that come from the eye under observation upon the 
retina of our own eye. The course of the rays is shown in this diagram. 




M 
Fig. 167.— Course of the Rays of Light in an Examination with the Upright Image. 

We assume, first, that the examiner has a normal, emmetropic eye, or that 
he has had it made emmetropic by correction. If we wish to examine a myopic 
eye in this manner we cannot a priori see the fundus distinctly, because the 
rays that emerge from the shortsighted eye are not parallel, but converge 
toward its far point, and the emmetropic eye of the examiner is not adjusted 
to focus such rays on its retina. Therefore in order to see distinctly the 
fundus of a myopic eye in this manner we must render parallel the convergent 
rays that emerge from it by interposing a concave lens in the ophthalmoscope 
which must be of exactly the same strength as the one needed to correct the 
myopia, for such a glass alone can render convergent rays parallel. If the 
eye that is being examined has, for example, a myopia of 4 D, parallel rays 
falling upon a lens of this strength take a direction as though they came from 
the far point of the eye, and inversely the rays emerging from the eye are 
rendered parallel by it. The fundus of the eye can then be seen distinctly, 
and it is evident at once that we can measure the degree of myopia in this 
manner. We interpose one concave glass after another, each stronger than 
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the last, in the ophthalmoscope, and the weakest with which we can see the 
fundus distinctly gives us the degree of its myopia. Two points must be 
noted. The weakest glass is to be taken as the measure of the myopia, for 
the fundus can be seen with stronger ones when we accommodate and over- 
come the glass so far as it is too strong. The other point is that the macula 
lutea is the part of the fundus of which the refraction should be measured, 




Fig. 168. —Measurement of Myopia with the Upright Image. 



but as this is usually not characterized by any special marks and is more 
difficult to recognize, we use for the purpose of measuring the refraction the 
temporal edge of the optic disc where we find a minute vessel coursing toward 
the macula. The refraction of the edge of the optic disc may differ a little 
from that of the macula. If the physician himself is nearsighted he needs a 
concave glass which corrects his own myopia plus the number of dioptres 
needed to correct the myopia of the patient's eye, in order to see the fundus 
distinctly. Suppose he has a myopia of 2 D and is just able to see the fundus 
clearly with — 6 D, then the myopia of the patient's eye is 4 D. But if the 
physician is hypermetropic he should wear his correcting convex glass when 
he is engaged in measuring refraction. If, for example, he has 2 D of hyper- 
met ropia and needs to use a — 6 D lens in his ophthalmoscope in order to see 
the fundus of a myope, the latter has a myopia of 8 D, for the convex glass 
correcting the hypermetropia of 2 D neutralizes the effect of a concave glass 
of 2 D, If the physician knows the exact amount of his hypermetropia he 
will not be obliged to wear his correcting lens, he will need only to add the 
amount of his hypermetropia to the concave glass found. 

Measurement of Hypermetropia 

The hypermetropic eye, when it does not accommodate, is adjusted only 
for such rays as fall upon the cornea with a certain degree of convergence. 




i. — Course of the Hays of Light in Hypermetropia. 



Inversely the rays emerge from such an eye with a certain degree of divergence, 
and in order to enable an emmetropic eye to focus such rays upon its retina 
it is necessary either that it should accommodate, or that they should be ren- 
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dered parallel. The latter is accomplished by the interposition of convex 
glasses, and the course of the rays in that case is shown by the diagram. 

The convex glass which gives the rays that fall upon a hypermetropic eye 
a sufficient degree of convergence to enable them to be focussed on the retina 
corrects the hypermetropia, and the same glass renders parallel the divergent 
rays that emerge from a hypermetropic eye. The strongest convex glass with 
which the fundus can be seen distinctly gives us the measure of the hyper- 
metropia of the eye. The advantage of this method is that we can measure 



Fig. 170.— Measurement ctf Hypermetropia with the Upright Image. 

the total hypermetropia in this way, while in the subjective examination a 
portion of the hypermetropia is concealed by the accommodation, or remains 
latent. If the physician himself is hypermetropic he must subtract the amount 
of his own hypermetropia in dioptres from the number of the strongest convex 
lens with which he can see the fundus distinctly. If he has a hypermetropia 
of 2 D and finds +6 D to be the strongest glass with which he can get a 
clear view of the fundus, the patient has a hypermetropia of 4 D. If he is 
myopic he needs a weaker convex lens with which to see the fundus than an 
emmetrope and must add the number of dioptres of his own myopia to the 
glass found. For example, if a myope of 2 D uses a convex glass of 2 D in 
order to see the fundus, the eye examined has a hypermetropia of 4 D. 

H Skiascopy 

The second objective method of determining the refraction is the shadow 
test, or skiascopy, devised by Cuignet. We may illustrate the technique of 
this method of examination, without going into its theoretical portion, by the 
following experiment. Let the examiner sit in front of the patient and throw 
light into his eye from some distance with a concave mirror. If any parts of 
the fundus can be seen distinctly from this distance the eye is either highly 
hypermetropic, or highly myopic. The examiner can ascertain which of these 
conditions is present by two movements: he may either move his head from 
side to side, or he may move his head and mirror directly toward the eye. If 
the eye is highly myopic we know that the rays that emerge from it are con- 
vergent, that an inverted image of the fundus is formed at the place where 
they intersect, and that we can see this inverted image from a greater dis- 
tance, so the examiner ascertains by his own movements whether what he sees 
is an inverted image, and so whether the eye is myopic or not. If he moves 
to the left the image of the fundus moves to the right, and vice versa. If he 
moves forward toward the eye the image grows more and more indistinct, be- 
cause he very soon approaches so near to it that he can no longer accommo- 
date for it. If, on the other hand, the eye is very hypermetropic he can see 
the details of the fundus distinctly from even a greater distance, but the image 
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is upright, moves in the same direction as the examiner and remains distinct, 
as he approaches the eye. 

We can also determine accurately other degrees of hypermetropia and 
myopia, and this brings us to the true shadow test. If the examiner sits in 
front of the patient at the distance of 1 metre, throws light into the eye of 
the latter with a concave mirror of 20 cm focal distance, and then makes 
short rotating movements of the mirror about its vertical axis the illuminated 
field of the pupil seems to swing to and fro. By looking carefully it will be 
seen that the red light moves in the pupil and gives rise to a black shadow at 
the margin of the latter which wanders over the entire pupil as the mirror 
is rotated until it has become totally dark. The method of examination has 
received its name from this shadow. We can determine the actual construction 
of the eye from the direction in which the illuminated field or the shadow 
moves with respect to the movements of the mirror. We need only to divide 
all the conditions of refraction into two large groups, one including all the 
degrees of myopia from 1 D upward, the other myopia of less than 1 D, 
emmetropia and hypermetropia, and then both theory and practice will give 
the following results. The movement of a light reflected from the retina of 
the eye that is being examined is seen in the upright image as long as the 
far point of the eye is behind the eye of the observer, and in the inverted 
image when it is situated in front of his eye. Remember that all objects in 
space cast inverted images on the retina and that the movement of the light 
is likewise reversed on the retina. Hence if the shadow moves in the opposite 
direction to the movement of the light thrown into the eye the image is up- 
right and the conclusion is that the far point of the eye undergoing examina- 
tion is behind the eye of the observer, and that the eye itself is either hyper- 
metropic, emmetropic, or myopic to a degree less than 1 D, for when the 
myopia is greater than this the far point of the eye is closer to it than 1 m. 
But if the light is thrown by a concave mirror of 20 cm focal distance from 
a distance of 120 cm and if the eye is shortsighted, the shadow will move in 
the same direction as the movement of the mirror. If the mirror is rotated 
to the left the shadow moves to the left. The rays emerge from the myopic 
eye in a convergent direction so as to intersect in front of the eye, and when 
this is the case the shadow moves in the same direction as the rotation of 
the concave mirror. Even when the myopia amounts to only 1 D the far 
point of the eye is situated at a distance of 1 m and the rays intersect be- 
fore the face of the examiner. The conditions are reversed when the far 
point is situated behind the eye of the observer in low degrees of myopia, or 
behind the eye of the patient in hypermetropia. In these conditions the 
shadow moves in the opposite direction to the rotation of the concave mirror. 
Hence a single rotation of the mirror is sufficient to tell us whether a myopia 
greater than 1 D, or a less degree of myopia, emmetropia, or hypermetropia 
is present. 

If the shadow moves from the start in the same direction as the rotation 
of the mirror there is present a myopia which is greater than 1 D, but if it 
moves in the opposite direction the eye is either slightly myopic, emmetropic 
or hypermetropic. Now we need only to interpose suitable glasses to neu- 
tralize the refractive error present until we find one which causes the shadow 
to reverse, or to move in the opposite direction, in order to ascertain the 
degree of ametropia. If the shadow moves in the same direction as the rota- 
tion of the mirror we interpose concave glasses, beginning with weak ones 
and changing them for stronger, before the eye, if it moves in the opposite 
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direction, we use convex lenses in the same way. Various skiascopes have been 
made for the purpose of enabling the change of glasses to be made rapidly. 
We use the apparatus devised by Has* and proceed in the following n 

We place the patient in front of the instrument, which consists of n rota- 
tory disc, that contains convex glasses in one half, concave ones in tin other, 
affixed to a rod. The eye to be examined looks forth at 6rst between the two 
series of glasses. We east light into the pupil with a concave mirror of 20 era 
focal distance from a distance of 120 cm, make a rotating movement of the 
mirror a few times about its vertical axis and note whether the shadow moves 
with or against the movement of the mirror. If the movement is with lln 
mirror the eye has a myopia of 1 13 or more. The disc is then rota 
to bring one concave glass after another before the eye until one is reached 
with which the shadow reverses and moves in the opposite direction. This 




Fig. 171.— Skiascopy. 



giass has revealed the far point of the eye over 1 m (1 I)). Tin- myopia 
of the eye was corrected to within about 1 I) by the last ghiss with irtuch 
the movement of the shadow was with that of the mirror. Therefore the total 
myopia i- found by adding 1 D to this glass, In this patient tin. movemetf 
of the shadow was with that of the mirror with a glass of - 'A 1), therefore 
tin myopia amounts to 4 D. Here is another patient in whom the shadow 
moves against the movement of the mirror from the first. He therefore has 
cither a slight myopia, emmetropia or hypermetropia. Convex glasses arc 
brought in front of his eye until the shadow reverses and moves with the 
mirror. Now we have to deduct 1 I) from the number of this gins- I" Hud 
the true refraction. If the reverse takes place when we use -f-1 and we sub- 
tract 1 D we have emmetropia. If the shadow reverses with -f-8» we have a 
hypermetropia of 8D-1 I)=2 D. 

While the determination of the refraction with the ophthalmoscope re- 
quires greater experience and is frequently not pleasant to use, as when the 
patient has oza'na, skiascopy can be learned in a few minutes. One advantage 
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of the latter is that we can easily determine the refraction in the principal 
meridians of the eye. We use the skiascope first in the horizontal meridian, 
then turn the mirror and investigate the vertical meridian, so that we are 
informed at once if any astigmatism is present, and this is certainly a great 
advantage. 

As regards the accuracy of this method it must be borne in mind that 
we skiascope the region of the papilla, and that sometimes differences exist 
between the refraction of the papilla and that of the macula, which readily 
appear on the functional test. Otherwise the advantages of this method are 
so overwhelming that it is inconceivable to me that there should still be large 
eye clinics in which it is too little used. When one sees the time spent by 
physicians in such clinics in order to fit glasses by the subjective method he 
can only think it is because they do not know the value of skiascopy. With 
us the examination of every case of refraction is begun with skiascopy, except 
in the highest degrees of myopia. We are thus immediately informed con- 
cerning the construction of the eye. We use, when necessary, the ophthal- 
mometer of J aval, and then we know at once about what glasses will be needed. 
The measurement of the refraction of the eye is thus made in a few minutes. 
The value of skiascopy is particularly appreciated by those who are engaged 
in the examination of the eyes of school children. 1 



194. The Myopic Eye 
L The External Appearance of the Myopic Eye 

A myope sees indistinctly at a distance because of the presence of diffusion 
circles, so he tries to help himself by squeezing his lids together so as to form 
a sort of stenopeic slit and make the circles of diffusion smaller. The name 
myopia comes from this peculiar screwing up of the eyes. When we look 
carefully at the eye of this patient we find that its anterior segment does 
not differ from the normal, and yet it can readily be established that the 
form of the myopic is not the same as that of the emmetropic eye. 

It is only necessary to direct a patient who has a high degree of myopia 
to look strongly inward to reveal that the segment of the sclera lying behind 
the equator is much stretched. The region of the equator does not bend 
backward in a large curve as in the normal eye, but runs backward without 
much of a curve. The myopic is longer than the normal eye, and in the over- 
whelming majority of cases the myopia is due to an elongation of the axis. 
The enlargement is frequently shown by the fact that the eyeball protrudes 
from between the lids. 

A priori a myopia may be caused by too great a curvature of the cornea, 
or of one of the two surfaces of the lens, by too high an index of refraction 
of the cornea and aqueous, by too low an index of refraction of the vitreous, 
or by an abnormal nearness of the lens to the cornea, as after an escape of 
the aqueous, or in subluxation of the lens, but such cases are exceptional. 
The anterior chamber is apt to be rather deeper in myopia than in emrnetropia. 
Tears in Descemet's membrane are occasionally to be seen in the higher degrees, 
but the principal changes take place in the posterior segment of the globe. 

1 For skiascopy as practiced in this country see Appendix by the translator. 
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IL The Course of the Rays of light in the Myopic Eye and the 

Correction of Myopia 

The degree of myopia may be ascertained either objectively by an ex- 
amination of the upright image with the ophthalmoscope and by skiascopy, 
or subjectively by the test of the vision. This patient is unable to read the 
largest test type at a distance without a glass, but has perfect visual acuity 
with a — 5 D lens. Near vision is excellent. Such rays of light only are 
focussed on the retina as enter the eye with a certain degree of divergence. 




Fig. 172.— Course of the Rays of Light in Myopia. 



The point to which the myopic eye is adjusted when it is in a state of rest 
is called the far point, and is situated at a finite distance from the eye. Be- 
yond this point vision is indistinct without a glass. This patient is just able 
to read print 20 cm away, so his far point lies 20 cm in front of his eye. This 
method gives us a certain guide to the amount of myopia in the higher degrees. 
The problem we have to solve is how to enable the eye of the patient to focus 
parallel rays of light upon its retina and so enable him to see well at a dis- 
tance. The solution is to place in front of the eye the concave glass that 
will give to the parallel rays that fall upon it the requisite amount of 
divergence which will cause them to follow a direction as though they came 
from its far point; the myopic eye can see distinctly at a distance as soon 
as the lens that will do this has been obtained. 



Fig. 173.— Correction of Myopia by Concave Glasses. 

The myopic eye sees distinctly at a distance zcith that concave glass the 
focal distance of which is equal to the distance of the far point from the eye. 
Inversely, the focal distance of the concave glass icith xchich the myope sees 
tcell at a distance gfocs us the degree of the myopia. In this case we need 
a concave glass of 20 cm focal distance, and the eve has a myopia of 5 D. 
There remains only one thing more, a few words of advice concerning the 
measurement of myopia by means of glasses. When a myope puts on stronger 
concave glasses than he really needs he can still see well at a distance with 
them as long as he is still young. The rays of light that enter his eye are 
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more divergent than is necessary, but he overcomes to a certain degree the 
excess of strength of the glass by means of his accommodation. Hence it is 
easy to make the mistake of prescribing too strong glasses in myopia. Such 
an error forces the accommodation to undergo constantly an unnecessary 
strain. The rule is that the weakest concave glass with which the best vision 
is obtained should always be prescribed for myopia. 

Aside from the trouble of bad distant vision myopes are apt to complain of a 
lack of endurance in near work, especially when the refractive error is of high 
degree. Owing to the short distance at which the far point lies a constantly 
increasing convergence of the visual axes is necessary, often the internal recti 
cannot perform their work continually and there is an insufficiency of the 
interni which gives rise to the troubles symptomatic of muscular asthenopia. 
Finally strabismus divergens is frequently associated with myopia. There is 
only one other point to which I wish to call attention. It often happens in 
myopia that normal vision cannot be obtained with the correcting glasses. 
The relations between visual acuity and myopia have been studied a great 
deal, and it appears from the researches that have been made that the visual 
acuity sinks as the myopia increases. This is a fact that is readily com- 
prehensible when we take into consideration the changes that take place in 
the fundus. 

IR The Ophthalmoscopic Changes in the Myopic Eye and Their 

Anatomical Causes 

The so called conus is found very commonly on the temporal side of the 
optic nerve. This is a bright, white crescent which varies in breadth accord- 
ing to the degree of myopia, although no mathematical relations exist between 
its breadth and the degree. In one patient it is narrow and uniformly bright, 
sometimes speckled on the side toward the retina, brownish red, or yellowish 
red. In another patient it is almost as broad as the papilla. In still other 
cases it extends around the entire papilla, surrounding it like a ring; this 
we call an annular conus. Traces of the chorioidal vessels may be seen within 
it in the last class of cases. A narrow conus may be met with in emmetropic 
or hypermetropic eyes, but the diagnosis of myopia may be based with cer- 
tainty on the presence of a large one. The nature of the myopic conus and 
the way in which it is brought about have long been subjects of energetic dis- 
cussion. In order to understand the ophthalmoscopic picture it is necessary 
to study the microscopic sections, although it has been my experience that the 
translation of the changes seen with the microscope into what is seen oph- 
thalmoscopically is always attended with much difficulty, because the micro- 
scopic changes appear to be insignificant and impress the observer very little 
in comparison with the imposing spectacle of the ophthalmoscopic picture, 
besides which we have only a minute portion of the tissue before us under the 
microscope. The pigment epithelium ceases in the vicinity of the optic nerve, 
especially at the site of the conus, and where this is drawn away firm adhesions 
are formed between the retina and the subjacent tissue. The conus must be 
supposed to be an imprint caused by a stretching of the posterior segment 
of the eyeball. The ophthalmoscopic picture is due to the fact that the pig- 
ment epithelium of the retina stops at some distance from the papilla and 
consequently leaves visible the parts situated behind where it should be. If 
the tissue of the chorioid is still present the conus looks yellowish, reddish, or 
brownish, but if this tissue is absent the conus is white, because the inner sur- 
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face of the sclera, or the inner wall of the scleral canal, is risible. Al 
ascribe the conus to the stretching which the tissue undergoes in myopic eves 
we consider it to be an acquired condition. Together with many other oph- 
thalmologists I am of the opinion expressed by Schnabel and Herrvheiscr that 
the occurrence of the myopic conus as a congenital anomaly has not yet been 
proved. 

Another change with which we arc apt to meet in myopia is the so called 
xiiprrtnirtion, in which the edge of tile chorioid is drawn over the nasal margin 
of the optic disc. 

The stretching to which the myopic eye is subjected is most marked at its 
posterior pole. To give an idea of what the retina has to sustain in such 
an eye I will say that according to Hess the retina covers a surface of about 
9 square centimetres in the portion of the eye lying behind the equator. If 
the eye attains an axial length of 31 mm this surface must be increased by 
several square centimetres and we can conceive at once how the retina may 
suffer injury from such a stretching, 

A peculiar ophthalmoscopic picture is produced when the posterior segment 
of the sclera is bulged out like a staphyloma, that is, when an ectasia of the 
sclera is present. We then find at the posterior pole usually only on the 
nasal side, peculiar shadings that look like dark crescents, at which the ves- 
sels of the retina are bent sharply. Centrally from these places the rcfractio 
is higher in degree, so that we can recognize from this the bulging outward 
of the sclera. The ophthalmoscopic picture seen has been aptly compared to 
the appearance of terraces. 

Weiss has called attention to a lustrous "reflex curved line" which may 
appear on the inner side of the head of the optic nerve in commencing myo^ " 
This phenomenon he explains as produced by an accumulation of fluid in front 
of the papilla. 

The changes at the posterior pole of the eye arc of far more importai 
We may find in the region of the macula large, bright, irregular patches, the 
margins of which are much pigmented. This is frequently taken to be 
chorioiditis, but it is primarily the result of mechanical injuries produced by 
the stretching. At least, dehiscences in the tissue of the chorioid and defects 
in the elastic lamina arc often found in such eyes on anatomical examination. 
Sometimes we find in the macula a round, black spot. Such patients complain 
of metamorphopsia and of a rapid impairment of the vision; they may have 
distinct central scotomata. The trouble in these cases is mainly a great 
proliferation of the pigment epithelium. One danger to which persons with 
high myopia are subject is that hemorrhages are apt to take place in the 
macula, which gradually bring about other ophthalmoscopic changes and 
cause a considerable impairment of the vision. The most dangerous complica- 
tion of high myopia is the detachment of the retina, which has already been 
discussed. 



195. The Genesis of Axial Myopia 

The first question that arises in connection with the genesis of myopia i 
whether it is ever congenital, even in the slightest degree, or is developed i 
the course of childhood and youth. 

Many myopes remember that as children they saw just as well as tin 
playmates without glasses, and we can deduce from this fact that myop; 
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is developed. Other evidence is furnished from the examination of the eyes 
of infants. We find almost without exception that the eyes of infants are 
hypermetropic, if we first paralyze the accommodation with atropin. The 
hypermetropia, as based on statistics, averages from 1 to 3 dioptres. The 
compilation made by Randal, which included over 200,000 eyes, shows hyper- 
metropia to be by far the prevailing refraction in childhood and the early 
years of youth. Statistics show further that outside of schools and among 
uncivilized peoples hypermetropia remains the prevailing form of refraction. 
Myopia is almost unknown in the earliest years, is rare in the early days 
of school life, becomes more frequent in the course of the school days, and 
reaches a deplorable height in the higher schools. A conception of the develop- 
ment of this condition of refraction in the human eye during life can be 
obtained by a glance at this table, which is formed from the statistics compiled 
by Herrnheiser from the examination of 11,000 eyes. 




Hypermetropic 

Emmetropic 
Myopia 



Fig. 174.— Table Showing" the Development of Refraction 
during Life* after Herrnheiser. 



- From this table it can be seen that hypermetropia is the prevailing refrac- 
tion even to extreme old age. Another fact of importance is that myopia 
increases slowly but surely up to the twentieth year. 

We may conclude from all of these facts that myopia is not congenital, 
but develops during the period of the growth of the body. Hence the 
questions arise: Why do eyes become myopic during youth? What is the 
cause of myopia? We may make these questions rather more definite if we 
start from the fact that by far the commonest form of myopia is the axial 
and then ask : What forces operate in youth to bring about the great length 
of the axis of the eyeball, the elongation of the globe from before backward? 

One factor has been known for three hundred years. The great astronomer 
Kepler said that young people who study a good deal are apt to become 
nearsighted. In fact the suggestion is obvious that the occupation of the 
eyes with the objects seen during near work is an essential factor in the 
production of myopia, and researches have been made for decades concerning 
this connection between near work and the elongation of the axis of the eye. 
The statistics that have been gathered from the investigation of more than 
200,000 school children have resulted in the recognition of the fact that the 
number of myopes throughout the civilized world increases with the demands 
made upon the children by the schools and with the classes. 

Various theories have been advanced to explain how near work exerts such 
an unfavorable influence in causing the development of myopia. Many 



ACCOMMODATION' THEORY 

ophthalmologists arc of the opinion that an increase of the intraocular tention 
take* place in the posterior segment of the eyeball during near work, in the 
vitreous, which results in a stretching of the posterior wall of the globe, und 
so in a lengthening of the axis of the eye. This theory was voiced by v. Arlt, 
according to whom the change in the form of the eyeball is due to repeated 
temporary increases of the tension in the posterior part of the eye- 
But how are these increases of intraocular tension brought about during 
near work? What proof have we of their existence? Under normal conditions 
two forms of muscular activity are called into play during near work with 
binocular fixation, accommodation and convergence. When I change from 
looking at a distance to fix upon the point of a pencil 20 cm awav the Ktta 
of mv eves converge to this distance and I can see the ohjeet distinctly only 
when I focus my eyes upon it at the same time by means of my accommodation, 
ami mv pupils contrict together with the contraction of the ciliary niBaett 
which induces an increased curvature of the lens. If an increase of intraocular 
tension is produced by near work the only question is whether it is caused by 
the accommodation, or by the convergence, that is bj the muscular activity 
inside or outside of the eye. 

The theory was widely maintained for a long time that the accommodation 
furnished the force which produced n baneful effect in the genesis of near- 
sightedness and in it> development, because an increase of tension in the eye is 
Htoeiftted with it, and this theory has exerted a considerable influence upon 
the therapeutic measures that have been and are still employed in the treat- 
ment of myopia. Munv rernoni of this hypothesis have appeared. Some 
ophthalmologists believe, on the ground of inconclusive experiments, that an 
increase of tension can be established during the process of accommodation, 
but Ursa and Heine have proved by- exact experiment that even the maximum 
contraction of the ciliary muscle can produce no increase of the intraocular 
tension. 

Others believe that the posterior segment of the eye is pulled upon by 
the contraction of the ciliary muscle by means of its meridional fibres whicli 
lose themselves in the chorioid. Even if such a pulling by the meridional 
fibres of the ciliary muscle docs take place, a gUnce at any section of the 
rye is sufficient to show that for physical reasons it cannot result in a stretch- 
ing of the sclera, in a lengthening of the eye. Besides this Hcn*cn, Voelkert, and 
Hess have tfaown that ■ slight movement of the chorioid can be observed at the 
equator Uld a little behind it during the contraction of the ciliary muscle. 
When fine needles are stuck into the eye in a proper manner they indicate 
the movement of tin- chorioid "lull the ciliary muscle is stimulated, but such 
movement- are totally absent at the posterior pole, which is the main point 
with regard to this hypothesis. 

Another version >>f tin- accommodation theory is that of Mnuthncr, that the 
pulling upon the chorioid may bring about mechanically a hypenemu with in- 
creased exudation from the vessels. If this were true it is evident that the hy- 
penrmia and transudation at the posterior pole would have to be much greater 
in hypermetropes than in myopes, because they accommodate a great deal more, 
hut we do not find this postulate correct either in myopia or hypcrmetropia. 
Some uccommodation theory may be added in 

case what has been said seems to lie insufficient to prove that the hypothesis 
is untenable as an of the supposed increase of tension during 

If it is the accommodation thai causes the elongation of the axis of the 
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eye through increased tension, why does myopia so often advance in a patient 
who has 4 D already, whose far point is as it were prepared for near work 
and who exercises no accommodation in performing it? Why does the sclera 
bulge if the contraction of the ciliary muscle increases the tension and the 
chorioid has to bear it all? If the contraction of the ciliary muscle causes 
the formation of a conus by the pulling exerted on the chorioid, why is the 
conus produced on the temporal side of the nerve when the meridional fibres 
contract uniformly and so should cause a circular atrophy of that membrane? 
Why is not the conus formed to the same degree in by per met ropes as in myopes, 
and why do the myopic changes in the fundus extend although the accommo- 
dation is no longer used in near work? This is sufficient. The mechanism of 
accommodation in the human eye can never bring about the elongation of the 
axis, or the changes in myopia by means of an increase of tension during near 
work. We need not credit Nature with such an inexpedient arrangement. 

It has been suggested that a pathological condition of the ciliary muscle 
may be of influence upon the development of myopia. Now and then children 
come to the clinic who take stronger glasses in the subjective than are indicated 
in the objective examination. We also see the refraction recede somewhat 
in myopes after atropin has been placed in their eyes. Such symptoms have 
been ascribed to a spasm of the ciliary muscle. I agree with Hess that a 
true spasm of the accommodation is much more rare in myopia than has 
commonly been thought. For this reason it cannot explain the origin of 
myopia. Even if it were more frequent than it is such a myopia could not 
be caused by an accommodative increase of tension, because such does not exist. 
The entire question as to the causal connection between near work and the 
elongation of the axis of the eye rests upon the theory that during near work 
an increase of tension takes place in the posterior segment of the eye, hut the 
one muscular activity in the eye during near work, the accommodation, cannot 
induce an increase of tension. There remains another muscular activity, which 
is exerted not in but on the eye during near work, and is, in fact, able to 
increase the tension in its posterior segment. This :vc know best from experi- 
mental researches which prove that the contractions of the extrinsic muscles 
of the eye may result in an increase of the intraocular tension which is not 
insignificant. 

The overwhelming majority of ophthalmologists are of the opinion that 
these increases of the intraocular tension that take place during near work 
are due to a direct compression of the eye by the contracted muscles, but 
investigators are not agreed as to the part played by the individual muscles. 
Bonn ascribe the compression to the associated action of the externus and 
later dub; others, like Stilting, hold the superior oblique to be responsible; still 
others, like Danders, avail themselves of the aid of an over distention of the 
eye with blood, which is due to the inclined position of the head, to explain 
the increase of tension during near work. Many conceive that such conditions 
of congestion lead to a softening of the tissue, when the normal tension of the 
eye, and still more an increased one, may bring about the stretching at the 
posterior pole. Arlt believes that during convergence certain muscles, particu- 
larly the external rectus and the inferior oblique, press upon the vasa vorticosa 
and hinder the outflow of blood from the eye, but in that case we should be 
nble to find signs of dilatation and engorgement in those veins on anatomical 
examination, and such signs have not been found hy Fuchs, So the only thing 
that can be said is that contractions of the extrinsic muscles of the eye do 
bring about increases of the intraocular tension which are by no means incon- 
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siderable. Such contractions of the extrinsic muscles take place conti 
during near work, for it is with their help that the movements of eonrc 
arc performed, that the eyes are depressed toward the book, etc. If we 
refer the undeniable connection between near work and the elongation of the eye- 
hall which is demonstrable from statistics simply to these increases of the ten- 
sion associated with near work, we are obliged to suppose that the continuous 
compressions of the eyeball result in a stretching of the sclera and so cause 
an elongation of the axis. The best attempt to explain why the posterior 
segment of the myopic eyeball should be stretched by this muscular aetivHj 
exerted upon the eye has been given recently by Haitian in a skillful analysis 
of the problem. He says that the internal tension can "exert a distending ac- 
tion upon the sclera only at such places as those in which the equilibrium is not. 
maintained on its outer surface by an equal or greater pressure in the 
opposite direction." "The only large surface of the sclera free from external 
pressure is its posterior hemisphere, and therefore this has to bear a great 
burden from the internal pressure." He thinks it is due to this mechanical 
factor that in myopia the eyeball approaches the shape of an egg and is : 
enlarged spherically in all diameters as in hydrophthalmos. The case 
myopia is rather one of a growth of the eyeball under increased pressu 
than of a stretching of what is already grown. But the result of such etTe< 
of pressure evidently depends not alone on the muscular activity, but quil 
as much on the constitution of the compressed organ, the sclera. Import; 
preliminary matters must therefore be settled by attention directed to t! 
sclera itself. 

Thus far we have referred the connection between near work and 
elongation of the eyeball essentially to the increases of tension that accompan; 
the former, but it cannot be emphasized too strongly that this is only one 
factor taken from the relations between near work and myopia, and that it is. 
by no means the only one. If the intraocular increase of pressure caused by 
the contraction of the extrinsic muscles represents the measuring factor in the 
relations between near work and myopia it may not be incorrect to expect 
that eyes in which myopia is in process of development should exhibit 
increased tension, but it must be admitted that the question as to the condition 
of the intraocular tension has met with very different answers although 
would suppose it to have been definitely settled long ago. Some ophthalmoh 
gists believe the tension of myopic eyes to be increased, especially when 
myopia is of high degree, others do not think that it is. I myself do 
believe the tension of a myopic eye to be high. Here the advocates of 
theory that refers the inthience of near work to the increase of tension aloi 
encounter a difficulty. When the tension is permanently increased in a young 
eye, as in the glaucoma of childhood, called hydroplithahnos, quite different 
changes are brought about than are met with in myopia. Portions of the 
anterior segment of the eye, or all parts of the globe, become enlarged, while 
in myopia it is the posterior segment alone that undergoes distention. The 
reply to this may be that there is a continuous, powerful increase of tension 
in glaucoma, while in myopia the increase is only temporary and feeble. The 
statement also has been made that in myopia the external pressure of tl 
muscles is opposed to the internal pressure in the anterior segment of 
eye, and that in hydrophthalmos the increased internal pressure original 
and acts when the external pressure force is not acting. Whether these factoi 
suffice to cause such essential differences as exist between myopia and hydropl 
thalmos is a question that is still open for discussion. Near work 
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acknowledged to be an important factor in the pathogenesis of myopia. We 
also admit that near work brings about increases of the intraocular tension 
through the action of the extrinsic muscles, but it is doubtful whether we have 
exhausted all the relations between near work and the elongation of the 
eyeball when we have dealt with these increases of tension. There are two 
clinical facts which the advocates of. this theory are unable to explain. They 
cannot tell why it is that the most yielding portion of the fundus, the lamina, 
is not impressed with the optic nerve by the continually recurring increases 
of tension produced by the contractions of the muscles, as it is in the typical 
picture presented by glaucoma, and that only the vicinity of that tissue yields 
to the pressure. No version of the convergence theory can explain the second 
clinical fact that a person who has but one eye, or has had from childhood 
one eye so very myopic that it could never be used together with the other, 
and therefore cannot converge, may become myopic in the good eye. 

Let us go a step farther and inquire whether near work, which is certainly 
a cause of myopia, is the only cause. 

We have all been obliged to accommodate and converge from childhood, the 
yoke of near work, and we may even say of unnecessary near work, has been borne 
by us all in school, and yet only a few among us have become nearsighted. 
We ophthalmologists meet with many men who are very myopic and yet have 
not been tormented with near work in their lives. We know that in many 
countries whole families of peasants, the members of which can neither read 
nor write, are found suffering from progressive myopia, and it is difficult to 
maintain that near work has caused the myopia in such cases. Another point. 
We very often find that one eye of a patient remains perfectly normal, while 
in the other, which is amblyopic, strabismic, and never used for near work, the 
myopia steadily progresses. From these three facts, that in spite of near work 
only a percentage of mankind becomes nearsighted, that nearsightedness may 
develop without near work, and that it may affect only one eye, it follows that 
near work cannot be the only cause of the elongation of the eyeball. I there- 
fore make the assertion that near work alone and of itself does not make man 
myopic. Either there are other causes that operate to elongate the axis of 
the eye, or something must cooperate to further the harmful effects of near 
work. When the true cause of a disease is unknown to us the first attempt 
of science is to explain its genesis from the supposed cause with the assistance 
of predisposition, a term under which is grouped together everything that 
favors the origin of a disease. Many attempts have therefore been made in 
ophthalmology to investigate the factors which predispose to myopia, all of 
"which may be divided into two large categories for the sake of clearness. 

Some ophthalmologists have sought to ascribe an influence upon the devel- 
opment of myopia to the parts outside the eye, especially to those in its imme- 
diate vicinity; others have looked for the favoring factors in the eye itself. 
Ortain relations between the form of the skull and myopia have been sought 
:for, and it has been claimed by Mannhardt that a form of the skull which 
necessitates a great distance between the points of rotation of the eyes must 
:favor the development of myopia, because the points of rotation of the eyes 
«re situated farther apart when the skull is broad, and when the eyes make 
*t movement of convergence from such a distance the external rectus must 
compress the eyeball more than it does when the skull is narrow. Hence it 
must induce an increase of tension and an elongation of the eyeball. According 
"to this a broad skull predisposes to myopia, a narrow one to hypermetropia. 
33ut what is actually the case as regards the pupillary distances in myopia, 
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particularly during the years of its development and that of the organism: 
The answers that have been given to this question are extremely contradictory, 
but the more carefully measurements have been made the more certainly has 
it been established th.-.t a causal connection between the refraction and the 
pupillary distance, which could explain the origin of myopia, does not exist. 
Therefore the external form of the skull cannot be held responsible for the 
development of myopia. 

Another attempt to furnish an explanation was made by Hanner, who 
believed that the trunk of the optic nerve wan absolutely or relatively too 
short in myopes. If this were the case the optic nerve would exert a traction 
upon the sclera in the region of the posterior pole to the outer side of the 
nerve during movements cf convergence, and so might give rise to the myopic 
conus on the temporal side of the papilla. He assumed erroneously that the 
conus was a bulging outward of the sclera. This hypothesis was later ampli- 
fied and perfected by Wtiti, according to whom the portion of the optic nerve 
that forms its S shaped bend is the difference between its length and the 
distance from the optic foramen to the posterior surface of the sclera. If 
the S shaped portion happens to be small he claims that signs of traction 
appear in the posterior segment of the globe. So much for the hypothesis. 
What are the facts in regard to the length of the optic nerve in myopes? In 
200 autopsies Stilling found an abnormally short nerve very rarely, and in 
the cases in which such a nerve was found the eyes were normal. The anatomi- 
cal examination of the myopic eye interposes the objection, as Has h-ts 
rightly said, that a traction on the part of the optic nerve in no way explain* 
the uniform distention of the entire posterior segment of the globe back of the 
equator, which is frequently to be found. We must therefore consider this 
attempt to explain the predisposition to myopia by the topographical con- 
ditions of the length of the optic nerve as a failure. 

The same is true of Stilling'^ hypothesis concerning the connection bet 
myopia and the construction of the orbit. Starting from the assumption 
occupational myopia is brought about by the pressure of the extrinsic muse! 
upon the eye lie investigated the positions of the individual muscles rehiti' 
to the sclera. As the direction of the entire muscle pressure is determined by 
the course of the superior oblique as the only variable factor Stilling believed 
that the predisposition to myopia depended on whether the tendon of this 
muscle was or was not able to exert a pressure upon the eyeball. The superior 
oblique arises in the orbit near the optic foramen, passes forward to the nasal 
end of the upper orbital margin, loops itself about the trochlea and then 
passes backward to the eyeball. He maintained that if the trochlea lies 
low in the orbit the tendon of the muscle lies in such a way on the wall of the 
globe as to exert pressure upon It when the eye is directed downward and so 
may lead to an elongation of the axis. According to Stilling this rotator of 
the ey; may exert such a traction upon the optic nerve as to change the form 
of the papilla, which is usually drawn outward so as to render visible a portion 
of the scleral funnel, and this is the myopic crescent. The process is started 
by the little twitching movements that rapidly follow each other, during near 
work. On the other hand, if the situation of the trochlea is high the tendon 
of the superior oblique cannot press so firmly upon the eye and compression 
is not produced. The position of the trochlea depends, according to Stiffing. 
on the height of the orbit, which should be broad and low in a myope, while 
the orbits of emmetropes and hypermetropes should be narrower and higher. 
Stilling established an orbital index for the purpose of comparison, the ratio 
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of the breadth to the height of the orbit, expressed in figures. He found the 
index in myopes to be 78, in emmet ropes and hypermet ropes 89, and therefore 
believed myopes to have lower orbits than emmetropes or hypermetropes. The 
origin of myopia might be a question of race, a high orbit might be a precon- 
dition of emmetropia and hypermetropia, a low one of myopia. 

Subsequent investigation failed to confirm Stilling** theory. Direct meas- 
urements of the orbital index sometimes give the exactly opposite results, 
myopes very often have higher orbits than emmetropes, and above all the theory 
was found not to apply in anisometropia. If one eye is hypermetropic or 
emmetropic and the other myopic, the myopic eye should have the lower orbit, 
but in such cases the orbital indices are often the same, and sometimes the 
orbit of the myopic eye is higher than the other. The suggestion that the 
development of myopia may be a question of race has also been disproved. 
Stilling** claim that the form of the orbit exerts an influence on the form of 
the eyeball has not been proved. On the contrary our experience goes to show 
that the form of the eyeball influences that of the growing orbit. We knov/ 
that the orbit remains backward in development after enucleation of an ey^ 
during childhood. This has been demonstrated experimentally by Thomsen. 
It has also been proved in man by Schmidt-Simpler and Seggel that tho 
height of the orbit increases with the enlargement of the eyeball. 

None cf these hypotheses which would connect the distention of the 
posterior segment of the eyeball with the arrangement of the parts surrounding 
the eye are able to explain the development of myopia. 

Since near work alone does not suffice to produce myopia through its 
influence on the intraocular tension the only thing that remains is that one or 
more causes exist in the eye itself to account for the elongation of its axis. 
If the stretching of the sclera is not due to near work alone, nor to the arrange- 
ment of the parts surrounding the eye, nor to the action of the muscles, nor 
to optical conditions, its cause must be located in the sclera itself. I am one 
of the ophthalmologists who believe that the cause of the elongation of the axis 
of the eye in myopia is to be found in an abnormally yielding nature of the* 
posterior segment of the sclera. 

There are two ways in which this abnormal extensibility of the sclera may 
be conceived to originate. It may be hereditary, as suggested by Schnabel, in 
which case the congenital anomaly simply undergoes further development, or it 
may be an acquired property, and in that case it must represent a disturb- 
ance of the metabolism in the youthful sclera and of its relations to the general 
metabolism of the youthful, growing organism. It has been well said that the 
stretching of the sclera can take place more easily in proportion as that tissue 
is thinner and softer from the time of birth, and that great differences in this 
respect are to be met with. A number of investigators consider the most 
important etiological factor, the primary cause of the myopia indeed, to be a 
congenital impairment of the power of resistance of the sclera. 

Schnabel and Herrnheiser thought they were able to demonstrate a con- 
genital fault of development in the outer membrane of all myopic eyes, which 
consisted of an unusual softness of the sclera about the optic nerve, of a 
weakly development of the outer layers of the sclera and of an abnormal 
'width of the sclerotico chorioidal canal. 

What part does heredity play in the genesis of myopia? We know that 
myopia is not congenital, that the eye of the newly born infant is hyperme- 
tropic. Heredity can therefore furnish only a predisposition to myopia, a ten- 
dency of the eye to gradually elongate. But this very circumstance renders 
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it extremely difficult to pass a positive opinion concerning the part taken 
heredity in the genesis of myopia. It is certainly possible that the form of t 
eyeball may be transmitted to posterity, just as we often see attributi 
features, and physiological conditions transmitted in a wonderful manner 
parents to children, and every ophthalmologist knows of families in which the 
myopia may depend largely on heredity. But there are two things that must 
not be forgotten. One is that in comparison with the entire number of diseases 
of the eye those that are known to be hereditary are very rare, while myopia 
is very common. The other is that we have no sure criterion for a hereditary 
iiiMji i When we meet with a family in which the father or mother and one 
or more children are myopic we do not know whether the myopia of the children 
is not due to the same causes that produce it in those who have parent! wboM 
eyes are normal. The myopia of the parents need not have been inherited, 
tiny may have acquired it as children at school under the influence of |(U 
work. Investigation has shown that children of parents with normal vision 
who belong to the lower classes are apt to become nearsighted when the? 
attend higher schools than those that wire attended by the parents, and the 
uncritical .statistics, according to which over 50'/e of the myopes were bur- 
dened with a hereditary taint, have long since been given up. In order to ob- 
tain some degree of clearness as to the part played by heredity in the origin of 
myopia we must begin by comparing families with hereditary taint with others 
that are without. 1'llutijfr has furnished us with statistics of this nature. 
Of 100 families without hereditary trouble 26 had myopic children, 74 did not. 
Of the children belonging to these families 8.4 1 ■ were myopic, 111 .()',<■ had other 
conditions of refraction. Of 100 families in which either the father, the 
mother, or both were nearsighted 4i had myopic children attending the same 
schools as the others, 55 did not. Of the children of these families l!i pi . 
myopic, til'' had oilier conditions of refraction. The percentage of myopes 
«:i- ^i-eater in both classes of families in the higher schools. Forty per cent, of 
the families without hereditary taint and 717( of those in which heredity WM 
[>n -. nt had myopic children. Seventeen of the children of the former, 
if the children of the latter were myopic. These results may be tabulated 
the following manner. 

Children At* Mi/o/iL 

1. F»mili« with End- IL Fwnilin l._ 

iurj TaiBI Healthy Eta 

(a) Lower Schools 19 ' • S . 

(b) Higher Schools 20 I 17' ; 

This shows that the influence of heredity mat/ be at turned to be present 
in at moat 109) of "" COM* of mtfojiia. The figures given by other irm-.h- 
gators are larger; Ttcherning found 14%, Kirehner 15%, and Sehnelier up 
to 25'< . Tin' last is too high a figure, in my opinion. 

Laquntr suggested that the malignant form of myopia might be connected 
with inbreeding! and that consanguinity exercises a harmful influence in lhi> 
respect. In the statistics furnished by Wolff consanguinity is given i 
etiological factor in 8' , of the chscs of malignant myopia, but a »har 
cannot be drawn between I lie malignant and the nonmnlignant forms, and this 
alleged harmful effect of consanguinity has not been confirmed by other 
»tatistical investigators. 

Attention was early drawn to the fact that the highest degrees of myopia. 
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are more common in women than in men. Although the number of myopes 
is greater among males than among females we meet with malignant myopia, 
with disease of the macula, according to my observation, more often in the 
latter than in the former. To recapitulate the results of this survey of the 
part played by heredity in the production of myopia we may say: The 
abnormal extensibility and stretching of the sclera is due to a congenital 
weakness of the tissue only in a small proportion of myopes. If this lack 
of firmness of the sclera can be ascribed to heredity with some degree of 
probability in only between 10 and 20%, the remaining 80 or 90% must 
acquire it in the course of life, and it is by no means necessary that the rudi- 
mentary condition of the outer layers of the sclera and the weakness of 
this membrane in the vicinity of the optic nerve should be due to a congenital 
fault of development. I imagine that there is a sort of scleromalacia, analo- 
gous to osteomalacia, which develops in some persons during the period of their 
growth, recovers spontaneously in many cases, leaves behind an elongation 
of the axis of the eye, but lasts for decades in the malignant ones, and occurs 
sometimes in one eye alone. I regard this scleromalacia as a metabolic disease 
of the eye, and consider it to be the real primary cause of myopia. I believe 
that disturbances take place in the afflux and appropriation of those substances 
which the sclera needs for its normal firmness and elasticity in this disease 
of the growing organism, but the details of what takes place in the organism 
and in the sclera, what disturbances of the cell activity lead to this extensibility 
of the posterior segment of the sclera, are altogether beyond my knowledge. 
The real nature of the genesis of myopia is still unknown. 



196. Prevention and Treatment of Myopia 

The theory I have advanced is that in a certain percentage of mankind 
an abnormal weakness of the posterior portion of the sclera results from dis- 
turbances in the metabolism of that membrane and of the entire organism 
during the period of growth, and that this may be looked upon as the true 
primary cause of the development of myopia. We have also learned that 
external causes cooperate with this hypothetical internal cause, especially the 
action of the muscles in near work. It has been calculated that about 8% 
of the population is nearsighted. In that case there are 4,800,000 myopes 
to be found among the sixty millions of the German people. Even if these 
figures are too large the number remains frightfully too great. Are we 
completely impotent in this matter? 

Before we attack the problem of the treatment of myopia we need to 
know whether all of the various degrees, from the lowest to the highest and 
most malignant, are simply degrees of one and the same disease, or whether 
there may not be various kinds of myopia. This question has to be studied 
from two points of view, the purely clinical and the etiological. 

If we regard the different cases of myopia from the purely clinical stand- 
point we may divide them, like Bonders, into three different forms: the 
stationary, the temporarily progressive, and the permanently progressive 
varieties. 

Stationary myopia includes all of the lowest degrees in which throughout 
life an increase does not occur at all, or only to a very slight extent. 

In the temporarily progressive myopia we see the nearsightedness increase 
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considerably during a certain period of life, especially when the growth of the 
body is the greatest, up to 9 or 10 dioptres and then remain constant. 

The permanently progressive myopia is characterized by the fact that 
throughout life, but especially after the growth of the body has been com- 
pleted, an increase takes place up to the third or fourth decade and the 
changes in the fundus grow worse. These forms of myopia merge into one 
another and the question is: Can the second and third develop from the first? 

One kind of myopia must first be excluded. We have been speaking thus 
far of axial myopia and have proceeded on the supposition that the nearsight- 
edness was due simply to an elongation of the axis caused by a stretching 
of the sclera, but an eye may also be myopic when the proportion between 
the radius of the cornea and the axial length is not correct. The radius 
of the cornea and the axial length may vary within certain limits even in 
emmetropic eyes. A smaller radius of the cornea with a short axis of the 
eye, or a greater radius with a longer axis are consonant with emmetropia, 
but when a relatively small corneal radius coexists with a relatively long 
optic axis the result must be myopia. It has been calculated that with the 
axial length remaining the same a change of 1 mm in the radius of the cornea 
causes a change of the refraction amounting to almost 6 dioptres. Such cases, 
in which the nearsightedness is due to a disproportion between the focal 
distance of the dioptric system and the length of the axis of the eye, are 
known as myopia in a perfectly healthy eye, but they are rare. Having 
excluded this variety we will return to the question whether the different 
forms of axial myopia are only different degrees of one and the same disease, 
or are different diseases. It is evident that the clinical division of myopia 
given above needs to be supplemented by etiological research. 

The attempt has been made repeatedly in the last decade to differentiate 
several kinds of myopia. Thus a difference of kind has been held to exist 
between the medium and high grades. High myopia in particular has been 
distinguished by many from the milder cases as a malignant disease. The 
milder forms have been ascribed not to a true disease, but to a remodelling of 
an otherwise healthy eye during growth by the pressure of the muscles in a 
way that is to a certain degree physiological. With many other ophthalmolo- 
gists I do not consider such a differentiation to be justified. It is a clinical 
fact that myopia may develop not only in childhood, but in later years, when 
growth has been almost completed. 

It is not true that serious complications appear only in the "malignant" 
form of myopia. Every high myopia may be productive of such complications. 
Detachment of the retina occurs in cases that have been looked upon for years 
as ordinary occupational myopia. An arbitrary limit of a certain number 
of dioptres* below which the eyes are exempt from complications, cannot be 
established from clinical experience. Attention has also been rightly called to 
the constant connection between the changes to be seen with the ophthalmoscope 
in the fundus, that may be traced from the low to the highest degrees of 
myopia, all of which are plainly based on the common factor of the stretching 
of the membranes of the eye. We have, in my opinion, no tenable ground on 
which to deny a common, uniform etiology of these changes, and accordingly 
I agree with those who believe axial myopia to be a single disease which presents 
differences only of degree. 

I am convinced that the different degrees of this disease are to be explained 
by the varying intensity and duration of the scleromalacia, which I believe to 
be the primary cause of myopia. As in other metabolic diseases of youth, 
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e.g., rhachitis, there are different degrees of intensity in the abnormal exten- 
sibility of the posterior segment of the sclera, and in like manner a rapid, 
or a slow spontaneous recovery may take place. When this anomaly of the 
metabolism is slight and recovers after a short time, it must end in a low 
or a medium degree of myopia, but when it is greater, and especially when it 
is persistent, a greater and more marked distention of the sclera must be 
the result. It is also quite conceivable biologically that such a condition of the 
sclera may be developed on only one side, and that its most posterior segment 
may be the portion particularly to be affected, because its nutritive conditions 
and its relations to the neighboring tissues are different from those of the 
other parts. 

It is plain that in most cases the organism is able to overcome this dis- 
turbance in the nutrition of the sclera and that when the latter regains a 
firmness and elasticity adapted to the conditions of muscle pressure the myopia 
must remain constant. It is also quite conceivable that such a nutritive 
disturbance may last for decades, that the sclera may not become adapted to 
these conditions, and that then the myopia will be permanently progressive 
for a long time. 

It is obvious that deleterious influences, such as near work, with its con- 
tinuous compression of the globe and increases of tension, can favor the 
development of myopia in such a faulty condition of the nutrition of the 
sclera. At the same time the development and progression of myopia with 
such a scleromalacia is perfectly understandable even without a great deal 
of near work, for if the disease is well marked a progressive myopia may 
develop in people who never perform any straining' near work, as the use 
of the eyes for near vision is not absent in such persons. 

We can obtain a natural explanation of all the clinical symptoms by means 
of this hypothesis of the primary cause of axial myopia, and we can also 
explain by it all of the therapeutic results that have been attained thus far 
in the treatment of myopia and the endeavors to put a stop to its extension. 
If the cause is to be found in a disturbance of the nutrition of the sclera 
which results in a stretching of the latter under the influence of unfavorable 
hygienic conditions, especially near work, our therapeutic duty is clearly 
indicated. All of our thoughts and efforts must be directed in the future 
to find ways and means, if possible, to arrest the abnormal yielding of the 
sclera at the beginning of an axial myopia, and to bring it back to normal. 
It is one of the duties of internal therapy to investigate this mystery of the 
metabolism. Whoever can succeed in freeing mankind from myopia will 
win for himself the laurels of immortality. No means are known at present 
wherewith this can be done, but in order to leave nothing untried we advise 
that particular care be bestowed on the myopic child whenever possible. 

As there is no etiological therapy of myopia we ophthalmologists have to 
admit that we possess no means by which we can with certainty prevent the 
progress of myopia in an individual case. We can never promise to arrest 
a myopia. We can see certain signs ophthalmoscopically which indicate to us 
either that the advance is very slow, or has ceased, but when the myopia stops 
the arrest is due to nothing that we have done, but to spontaneous recovery. 
We can do nothing more than to eliminate the deleterious influences which 
favor the progress of myopia, but in doing this we secure many happy results. 

The most efficient incubator for the development of axial myopia is the 
school with its compulsory near work, hence the fight against this condition 
must begin in the school and in the near work at home. In fact the attention 
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of physicians, teachers and school authorities has been turned to the solution 
of this problem for more than fifty years, and the reformation of the external 
and internal methods of instruction is well under way. 

School myopia is an important disease for two reasons: First, because 
; know that in a large percentage of cases this myopia is i>f 
character, reaches a high degree, and induces diseases of the ret 
ch'M-iui.l. Even when such serious complications do not appear stati- 
that the average vision declines with the increasing grade of the mjopia. 
Occasional BUea of from ~ to IS dioptres arc to be met with which have 
excellent vision with the proper correcting glass, but the visual acuity a 
impaired, us a rule. This is shown by the fullowing table, compiled by Seggel. 
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These dangers of school myopia have not always been estimated from such 
a point of view. From an erroneous conception of the theory of evolution 
some ophthalmologists have imagined occupational myopia to be a suitable 
adjustment of the human eye to the conditions of culture, to be an improve- 
ment of the eye, but fortunately the time is past when such an idea gained 
credence. 

During the first two-thirds of his life the emmetrope can do his near 
work easily by a slight muscular activity that gives him no trouble, he can 
see distinctly at all distances, and under normal conditions no myopia develops 
after the forty-fifth year. Occupational myopia is not a suitable adjustment 
of the eye to its environment. I am positively convinced that myopia must 
be fought as such, because it brings serious dangers to not a few of its victims 
and an impairment of the visual acuity to many. This brings us to the subject 
of school hygiene. 

The first problem of school hygiene is the construction of school desks 
and seats so as to maintain an upright position of the body. All points that 
pertain to the proper seating of children are present in the form devised hy 
r. Esmarch. " School children become round shouldered and nearsighted 
because they sit in a bad posture on bad seats. They grow crooked with 
sitting when the sent is too far from the desk, when it Is too low in proportion 
to the desk, and when it has no suitable back. Therefore the school seat is not 
harmful only when the child is obliged to sit upright on it when reading or 
writing and can sit on it in this position for a long time without weariness. 
In order to attain this it is necessary that 1, the seat must be at tin- same 
distance from the floor, or footboard, as the leg of the child is long, measured 
from the popliteal space to the sole of the foot: 2, the scat must be as broad 
as the thigh is long, measured from the popliteal space to the back; 3, the 
rounded anterior edge of the seat must extend two or thre-e centimetres farther 
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forward than the inner edge of the desk; 4, the seat must be high enough to 
enable the child to lay his forearm conveniently on the surface of the desk 
when he is writing, without elevating his shoulders or depressing his head and 
back; 5, the lower part of his back must be adequately supported while he is 
reading. As these conditions change with the growth of the child the seats 
should be changed according to measurements at least every half year." 

Physicians have ample opportunity to introduce a suitable arrangement 
of the place for working at home. It is not every child that can have such a 
hygienic study desk at home, and yet the eye of the poor child is of even 
greater value than the eye of the rich. A correct seat can be arranged at any 
table by drawing the chair near to it and regulating its height by means of 
a cushion or a blanket. 

When children have a serious tendency to sit in a distorted position we 
sometimes employ devices for holding the body upright, or reading supports 
which prevent the drooping forward of the head, such as the horizontal reading 
support devised by Duerr, which, with a little modification, can be attached 
to a table. 

The second thing in the programme for the fight against myopia is the 
demand for proper light in the work room. The visual acuity is intimately 
related to the illumination and sinks considerably as the light decreases. In 
the dark we have to approach objects very closely in order to recognize them. 
The baneful effect of near work in badly lighted rooms is admitted. An 
illumination of ten metre candles is the minimum for any room in which such 
work is to be performed. When the illumination is artificial the light must 
not be dazzling, must not be hot, and must not flicker. 

Equally important are the reforms that have taken place in the methods 
of instruction and of school management. An example of each may be given. 

1. Vertical writing should be recommended as strongly as possible. Ac- 
cording to the researches of Schubert this is the only style of writing which 
not only favors, but actually necessitates an upright position of the body 
without lateral curvature. 

2. The fight against school myopia cannot be successfully prosecuted 
without the constant cooperation of the expert physician, and therefore the 
increasing number of places that are being created for school physicians is a 
further advance. 

The results that have been obtained thus far cannot be said to be satis- 
factory. There are only a few ophthalmologists who believe that an actual 
decrease in the percentage of myopia in the schools has been brought about 
by the hygienic measures that have been adopted. Seggel found in the course 
of fifteen years a diminution of myopia from 45% to 20.8%, and v. Hippel 
likewise believes that the frequency of myopia has been diminished by these 
means, but I am obliged to admit with most ophthalmologists that no great 
decrease of myopia has as yet taken place. 

Such a result is not a matter of surprise to anyone who agrees that we 
have not as yet an etiological therapy for myopia, that we do not know and 
cannot influence the true nature of the abnormal yielding of the posterior 
segment of the eyeball. Our hygienic measures can only mitigate to some 
degree other factors that are productive of damage, they cannot do away 
with the fundamental cause of myopia. Thus it happens that some ophthal- 
mologists, like Schnabel and Herrnheiser, think little of these measures of 
school hygiene, but they are wrong in this. It is certain that our efforts 
will not cause myopia to disappear, but the hope is well founded, and has 
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already been partially fulfilled, that by the consistent carrying out of the 
programme the average degree of nearsightedness will be lowered somewhat 
by the diminution of the harm producing factors. This, of itself, is a great 
gain, for we know from careful investigations that under the influence of near 
work myopia is apt to increase and serious complications to take place within 
the eye. It is not so very rare for detachment of the retina to take place in 
*yes that have 9 D or less of myopia. If it is possible even to lessen somewhat 
the degree of nearsightedness of the growing youth we have sufficient reason 
to exert our powers to the utmost in favor of school hygiene. 

What advice should the physician give the patient in an individual case 
of myopia? To begin with, a suitable pair of glasses should be prescribed 
which will enable him to see better. Here we find that the theoretical views 
concerning the mode of origin of myopia cut deeply into the practical life 
of the myope. Two courses are opposed to each other in the question of what 
glass to prescribe, although the antagonism between them is not so gTeat as 
it formerly was. Whoever believes that the accommodation produces a harmful 
effect upon the disease of myopia must prescribe logically as weak ghwwi 
as possible and allow the patients to do their near work without a glass. It 
is not long since atropin was prescribed in the treatment of myopia, tlu.t 
the accommodation was carefully excluded for weeks and months by the 
paralysis thus induced of the ciliary muscles, and even today there are 
ophthalmologists who think that the accommodative effort should be at least 
limited as much as possible in myopia. 

On the other hand all those ophthalmologists who believe that the con- 
traction of the extrinsic muscles of the eye, especially in the convergence of 
the visual axes, is the harmful factor in the development of myopia prescribe 
the strongest possible glasses for near work witli which the putient can read 
and write at the greatest distance and needs least tn converge. Which stand- 
point is correct? From what has already been said there would seem to be 
no doubt that the accommodation is harmless in the production of the increase 
of tension in the eye that occurs during near work. 

Foerster won the credit of demonstrating that we have a valuable prophy- 
lactic means for the treatment cf myopia in the diminution of the convergence 
by the full correction of the refractive error by glasses, und most mndcrn 
ophthalmologists have accepted his conclusions, The full correction of the 
myopia is the prut step in the treatment of the individual case. 

Some practical points of advice may be given. As long as the patients 
are young they should be instructed to wear the fully correcting glasses for 
both distance and near. Some of them will not lie satisfied to do so at first. 
The increase of the visual acuity is distinctly inconvenient to those who have 
hitherto seen everything in a soft indistinctness. In addition to this they 
notice astigmatic distortions when they look obliquely through the ordinary 
concave lenses, but this sort of trouble may be avoided by the prescripts 
of periscopic glasses. Such a patient must also learn to reestablish the correct 
relations between accommodation and convergence. A myope of + D reads 
without accommodation at 25 cm, at his far point, and has little or i 
tendency to converge, but with his fully correcting glasses he has to accom- 
modate + D and to converge to 25 cm. As the result of all these things the 
myope may be unable to work at first with his full correction, so it is advisablc 
to call his attention to this sudden and total change of the optical conditions, 
but these troubles usually pass away in a few days. 

If we have to prescribe glasses for a myope who has reached an age in 



FULL CORRECTION OF MYOPIA 819 

which the decrease of the range of accommodation is already perceptible, the 
presbyopic factor must naturally be taken into account for near work. A 
person with 4 D of myopia who is 60 years old and has no accommodation 
needs no glass to enable him to read at 25 cm. 

Many myopes have a peculiar fear of strong glasses. During a careful 
test of the refraction they are very often heard to say "the glass is too strong." 
The preconceived idea of the harmful effect of strong glasses is still widespread 
■even among physicians and ophthalmologists. This is a prejudice to be com- 
bated. We know that the accommodation does not increase the intraocular 
tension and that it is to the advantage of the myope to wear glasses that fully 
•correct the refractive error, because it is only in this way that the best vision 
<;an be obtained. Still some persons who are very nearsighted manifest a 
great aversion to the full correction and cannot overcome this in spite of 
their efforts ; in such cases, which are exceptional, we dre obliged to prescribe 
weaker glasses for constant use, and especially for near work. 

What therapeutic effects have been produced by the wearing of the full 

correction? The consistent application of this rule promises to produce the 

same effect as the measures that have been undertaken in school hygiene, to at 

least reduce somewhat the degree of the myopia. The hope has been cherished 

that we have perhaps in the full correction the means whereby to check the 

progress of myopia, but this hope has not been, and cannot be, perfectly 

fulfilled. Yet the full correction is one of the most important measures to 

be taken in the individual treatment. For example, Pfalz saw an average 

increase of the myopia of from 0.14 to 0.17 D in 8.3 years in eyes that were 

fully corrected for near work, and an increase of from 1.45 to 1.91 D in 4 

years in eyes that were not fully corrected. Other statistics give similar 

results. The full correction is not treatment directed to the etiology of the 

disease, and therefore cannot prevent altogether the progress of myopia, but 

as it enables myopes to see distinctly at different distances in an instant, and 

•above all to read and write at the greatest possible distance, it is a great aid. 

Aside from the prescription of the correct glass there are various hygienic 
•demands to be taken into consideration, most prominent of which is the 
selection of the life work, in the choice of which the physician assumes not a 
little responsibility. Less often the ophthalmologist is consulted concerning 
the advisability of marriage of myopes. Other considerations must decide this 
-question, although rather more nearsighted children- are born of nearsighted 
parents than of others. I also advise myopes, especially while they are young, 
to have their eyes reexamined every year to see if any change of glasses is 
needed. 

The treatment of myopia cannot be said to te finished with such hygienic 
=advice and the prescription of the proper glasses. On the contrary medical 
"^treatment often begins after pathological changes have appeared in the 
chorioid, retina and lens. But the advocacy of these two important points, 
maintenance of the measures of school hygiene and early full correction, is the 
performance of a great, one may say a national, duty. 



197. The Operative Treatment of High Myopia 

This patient tells us that both of his eyes were operated on some months 
ago on account of -a high degree of myopia. Before the operations were 
performed he needed to wear v£ry strong glasses for distance, but could see 
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well close to his eyes without them; since the operations he has been able to 
sec well at a distance with the naked eye, but needs glasses for near work. 
A few days ago the vision of one eye suddenly became very bad. 

Hitherto we have been dealing only with the hygienic measures adopted 
in the schools to guard against myopia and with its treatment with glasses, 
but there is also an operative treatment to be considered. 

Both eyes of our patient present the characteristic signs of aphakia; a 
deep anterior chamber, a tremulous iris, a deep black pupil. Traces of the 
lenticular capsule can be seen at the margins of the latter. Formerly he wore 
a very strong concave glass, he says it was number 20, but now he sees best at 
a distance with one eye without any glass. That eye is therefore emmetropic 
and it has a vision of 0.1. With the other eye he can see only movements of 




FlO. 175.— Detachment of the Retina Following" 
Operation for High Myopia. 

the hand, and by means of the ophthalmoscope we can see within it an 
extensive detachment of the retina. The changes characteristic of excessive 
myopia are to be seen in the head of the optic nerve and in the region of the 
macula of the other eye. The lenses have therefore been removed from botK 
eyes of this rather young patient. 

The operative treatment of high myopia consists of the removal of the 
transparent lens from the eye. 

This operation is based on the experience of ophthalmologists for the last 
two hundred years, for even as long ago as that the important observation, 
had been made that persons who were highly myopic and had to be operated 
on in advanced life for senile cataract did not need convex glasses in ordef 
to he able to see well at a distance, as did other cataract patients. The opera- 
tion was performed in individual cases at that time, and more frequently in 
the fifties of the last century, as by Weber and Mooren, but its general exten- 
sion has taken place more recently under the renewed impulse given to it by 
Fukala and Vacher. I no longer advise my patients to submit to this opera- 
tion, but it is frequently performed by other surgeons. 

The technique of the operation does not differ from that for the removal 
of the lens for other reasons, but each operative intervention on the highly 
myopic eye must be performed with special care and precaution. We may. 
choose between two procedures: We may extract the lens forthwith, leaving 
a round pupil, by means of the flap operation, or through an incision made 
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with a keratome, or we may first perform a discission of the capsule of the 
lens, so that the latter will begin to swell and grow opaque, and after this has 
proceeded far enough we can expel the swollen lenticular masses through an 
incision made with the keratome. Most surgeons prefer the latter operation, 
[n juries to the vitreous, as well as prolapse of the vitreous or of the iris, must 
be carefully avoided. The first thing to be decided therefore is the choice 
of the way in which the operation is to be performed. 

The next question is: What change of refraction have we to expect after 
the removal of the lens from a myopic eye? We know that an emmetrope 
develops a hypermetropia of 10 or 11 D after loss of the lens, as after the 
operation for senile cataract, and that he needs a convex glass of this strength 
to enable the eye to see at a distance, as is proven by optical calculations, as 
well as by numberless clinical experiences. The conditions are somewhat dif- 
ferent in myopia. The highly myopic eye apparently loses a larger part 
of its refractive power with the loss of its lens than the emmetropic eye. Thus 
it is a fact that myopic eyes which have needed glasses of from — 8 to — 20 D 
for distant vision become emmetropic after removal of the lens. It has been 
erroneously believed that this was because the index of refraction of the lens 
of a myopic eye was greater than that of an emmetropic eye, but it has been 
proved by a study of the optical conditions, as well as by the direct deter- 
mination of the index of refraction of the lens, that the refractive power of 
the lens in the one eye is the same as that of the lens in the other. If this 
were not so we could not know approximately what optical result to expect 
after an operation for myopia. The change in the refraction after the re- 
moval of the lens from a myopic eye depends on fixed optical laws. Various 
tables have been given for the calculation of the degree of ametropia pro-' 
duced with different lengths of the axis of the eyeball, of which I present 
two. 
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From this table it may be seen that if the axis of an eye is elongated 6 mm, 
say from 24 to 80 mm, an increase of the refraction is produced which is 
equivalent to a difference of 10 D in the glasses. An elongation of 1 mm of 
the axis of an eye that contains a lens corresponds to an increase of the re- 
fraction of 8 dioptres. When the normal eye containing a lens has become 
so myopic as to have an axial length of 80 mm its myopia amounts to 18 D. 
Hence the same change in axial length results in a change of refraction about 
1.8 greater in an eye that contains a lens than in one that does not. The 
emmetropic eye needs a glass of +10 D for distance after the loss of its lens, 
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the eye with 18 D of myopia just becomes emmetropic when its lens has been 
removed. 

We may use the' following table, calculated by Hirschberg for the reduced 
eye, to ascertain for practical purposes what refraction is to be expected after 
tlie removal of the lens. 
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We make the assumption — which is sufficiently accurate for practical pur- 
poses — that the change of refraction caused by a change of 1 mm in the length 
of the axis is about half as great in the eye that contains a lens as in one 
that does not. According to Ostwald we can also calculate the refraction of 
an axially myopic eye after removal of its lens by "dividing the number of 
dioptres of the glass needed to correct the myopic eye by 2 and then sub- 
tracting the quotient from 11 D, that is from the refraction of the emmetropic 
eye that has been made aphakic." 

Some important conclusions as to the indications for the operation for 
myopia may be drawn from these tables. 

Up to what degree of myopia is the operation permissible? Let us take 
an example. Suppose an operation to be suggested on a patient who has 
9 D of myopia. After the removal of the lens he would have a hypermetropia 
of 5.5 D. Has anything been gained? Before the operation such a patient 
has good near vision without glasses and, if his accommodation is sufficient, 
has both distant and near vision with one and the same concave glass. After 
the operation he can see distinctly neither at a distance nor near by without 
glasses, and furthermore he needs two different pairs of glasses for distant and 
near vision, which he is continually obliged to change. Nothing more is 
needed to show that this operation is contraindicated in the low and medium 
grades of myopia by this purely optical reason. Although the views con- 
cerning the limits within which the operation is justifiable vary a great deal 
we can safely say that it should never be done for less than 14 D of myopia. 

The second most important indication as to the advisability of the opera- 
tion is furnished by the intraocular condition of the eye, especially by the 
condition of the retina. The rule of conduct is that the eye must be free from 
all opacities in the vitreous and that the fovea must be intact. It has been 
claimed, as I think erroneously, that retinal lesions may be favorably in- 
fluenced by the removal of the lens. At all events the test of vision taken tn 
conjunction with the ophthalmoscopic examination furnishes our best indi- 
cation for or against the operation. The eye must be able to read easily the 
finest print. If this is not the case, if only the larger print can be deciphered, 
an operation is contraindicated, because the visual results that can be obtained 
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will not come up to the expectations. Even when the visual acuity is im- 
paired the larger letters can still be made out because the patient obtains an 
enlargement of the retinal images by drawing the book very close to the 
eye. After the lens has been removed this will be possible only by means of 
an extremely strong convex glass. Anyone who has seen the unfortunate 
results thus produced will be careful in his observance of the indications for 
the operation. 

It seems plain to me, as it docs to many other ophthalmologists, that the 
other eye should exhibit no serious visual trouble when the operation for 
myopia is to be performed. If the macula of the second eye is altered in 
any way so that its vision no longer corresponds to its objective condition 
I do not think that an operation should be advised. 

Quite a number of patients have had both eyes operated on, and frequently 
the surgeon has been compelled by the patient himself to operate on the 
second eye. Conflicting views arc held in regard to whether this is advisable. 
When only one eye has been operated on the patient can use that one to see 
at a distance and the other for near work. A good stereoscopic vision is 
certainly lacking in such a case, but this is not of very great importance to 
the person who is higldy myopic. Personally I never advise an operation 
on both eyes. The desire of many myopes for the operation on the second 
eye can readily be understood when wc take into account the advantages that 
beckon them after an operation has been successfully performed on the first. 

The tables that have been given above concerning the change of refrac- 
tion after extraction of the lens in myopia furnish us not only with the first 
indication, that only cases in which the myopia has reached a certain degree 
should be operated on, but also with the first advantage to be gained by the 
operation after it has been 1 performed. When the person suffering from high 
myopia who has been able to see at a distance only with difficulty by the 
aid of the strongest glasses, has been dependent on his glasses to guide his 
footsteps, and has had to endure all of the other discomforts associated with 
the wearing of glasses, suddenly is able to sec well at a distance without glasses, 
he has won a marvellous prize, the value of which cannot be appreciated by 
those to whom a normal eye is a matter of course, 

The patient who has been operated on for myopia very often enjoys an- 
other advantage. He is not only able to see at a distance either without a 
glass or with a weak one. but he also obtains a delightful increase of hi- rises] 
acuity. The reason of this is: When the lens is removed from a normal eye 
the anterior focal distance is increased, in the schematic eye, from 16.5 to 
28.2 mm. The visual acuity is directly proportional to the anterior focal 
distance, the value for the minutest retinal image remaining the same. Hence 
the absolute visual acuitv of the schematic eye that contains a lens is to that 
of the aphakic schematicVyc ft9 15.5 : 23.2, i.e., as 1 : 1.15. The following table 
gives some calculations appertaining to this point. 

The visual acuity of an eye which after removal of the lens is corrected by 



of that found at the anterior focal point with the correcting 
glass before the removal of the lens. 




Hence a highly r 



eye which has been rendered nearly emmetropic by 
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the extraction of its lens may theoretically have a visual acuity 1.5 times 
greater than that which it possessed before the operation. It remain! to be 
proved whether this increase of the visual acuity is to be explained by the 
i nlargement of the size of the image alone. The view has been expressed that 
the working capacity of the retina itself may increase after the operation for 
myopia. According to Sckanz the myopic eye that has been operated on should 
have, in comparison with one that has not been treated in this manner, n 
small pupil of egress and a large one of ingress, by means of which the dis- 
persion is decreased and the light strength of the retinal images increased. 
It also happens that unexpected changes in the visual acuity appear in tin- 
iest with concave glasses when the patient looks through the glass execntrie- 
ally or obliquely. However this may be, whatever conditions may cooperate 
after the operation for myopia, the fact is that a great many patients who 
have been relieved of their aeanightadneu in this manner exhibit a remarkable 
and delightful increase of their visual acuity. In view of these advantage! 
it may seem surprising that I have not the courage to advise a person with 
high myopia to submit to this operation. 

The least important disadvantage of the operation is the loss of accom- 
modation. This is not to be taken seriously into account, for the region 
of accommodation is very small and lies close to the highly myopic eye, 
so that no use is made of it. 

The question whether the removal of the lens is able to prevent an in- 
rrrome of the myopia is much more important. It has been claimed that a 
harmful factor is eliminated with the abolition of the accommodation, but 
as we know that the accommodation can produce no increase of tension within 
the eye this point cannot be urged in favor of the operation. The ciliary 
muscle remains unchanged after the removal of the lens and can contract in 
the aphakic eye during movements of convergence. The only point is that 
convergence no longer takes place after the lens has been removed, so that 
the compression of the eyeball by the extrinsic muscles is lessened. But the 
fundamental disease, the tendency of the posterior portion of the sclera i' 
yield, remains unaffected. An increased stretching of the eye has bei 
definitely found many times after the operation. For example, the refraetioi 
in ScheffeW ten cases increased from 0.5 to 2.0 dioptres in the course of fronu 
two to four years. The changes in the fundus have also been observed to— ~ 
undergo further development. For these reasons I do not believe that the 
removal of the lens is able to check the advance of the myopia. 

All this might not be so bad, for a slight increase of the refraction couldL- 
ensilv be corrected by glasses, but the main question, by the answer to which— 
(lie operation for myopia must stand or fall, is whether the danger of de- 
tachment of the retina becomes greater or less. The greatest danger 
excessive myopia is detachment of the retina. No equivalent results attei 
the operative removal of a lens from a highly myopic eye, be the teebniqui 
never so faultless. Sometimes opacities appear in the vitreous of such eye: 
years later. Opinions are still very much divided as to whether this dange: 
is increased or not by the operation. Many, especially YncheT, have elaimei 
in an incomprehensible manner that the operation exerts a protective action 
against the occurrence of a detachment. It is generally acknowledged that 
this is not true. It is a fact familiar to every ophthalmologist that detach- 
ment of the retina takes place in many such eyes without operation. Cam 
have been known in which the operation had been decided on and tti 
ment took place before anything had been done to the eye. Most of the 
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patients who have been operated on and later suffered from detachment have 
ascribed the latter more or less to the operation, and they have often been 
inclined to sue the surgeon. I have recently known damages to be awarded 
against a colleague. It cannot be denied that the operation for myopia as 
such increases the danger of detachment of the retina. That this question 
could not hitherto be answered with perfect clearness does not, in my opinion, 
speak favorably for the operation. Statistics show that the percentage of 
postoperative detachments of the retina is greater than that of spontaneous 
detachments in highly myopic eyes. The statistics of Froelich give the ratio 
as 8.3: 1.25%. According to Fischer the percentage of spontaneous detach- 
ments in myopes that have not been operated on is 0.5% , in those that have 
been operated on 5.5% during the first year. According to my own notes 
also, detachment of the retina is more frequent after the operation than 
during the spontaneous course of high myopia. The disadvantages and the 
dangers of the operation for myopia outweigh the advantages, and the en- 
thusiasm with which the operative treatment of high myopia was greeted in 
many places is beginning to notably abate. It does not lessen, it augments 
the danger of detachment of the retina. This is the reason I do not dare 
to advise this form of treatment. I believe it to be an unnecessary challenge 
to fate, which in many cases may leave contemptuously unnoticed the deeds 
of man to strike with ruthless hand when least expected. 

196. Hypermetropia 

L The Course of the Rays of Light in the Hypermetropic Eye and the 

Measurement of Hypermetropia 

This boy has one eye under the influence of atropin. Before the instilla- 
tion of the drug he was able to see equally well at a distance with both eyes 
with the same glass. 

The first fact that we learn is that he has perfect vision with the eye 
that is not under atropin. The second is that the same eye sees just as well 
with a convex glass of 2 D, which shows it to have a hypermetropia of 2 D. 
Hypermetropic refraction may a priori be due to: 1, a shortening of the 
axis of the eye; 2, a lessened curvature of the cornea; 8, a decreased curva- 
ture of the surface of the lens; 4, a low index of refraction of the lens and 
of the aqueous; 5, too high an index of refraction of the vitreous; 
6, too great a distance from the cornea to the lens; 7, absence of the lens. 
We will consider here only the first form. Hypermetropia has already been 
defined as the condition of an eye in which the parallel rays of light that 
fall upon the cornea would come to a focus behind the retina when the accom- 
modation is at rest. • The far point lies behind the eye. Strictly speaking 
therefore this boy cannot focus parallel rays on his retina, he must see badly 
at a distance, for his eye is a priori adapted only to focus rays* on the retina 
which fall upon the cornea with a certain degree of convergence. The far 
point of the hypermetropic eye is situated at the place where these rays, 
if prolonged, would meet behind the retina. The distance to this far point 
gives us the degree of hypermetropia, as it is a measure of the convergence 
of the rays to which the eye is adapted. The greater the hypermetropia the 
more convergent must be the rays that enter the eye in order to focus on 
the retina and the nearer to the posterior pole must the far point be situated. 
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As the far point of the hypermetropic eye lies behind the eye we designate 
it with the minus sign, — R. The rays must be directed toward, or, what 
is equally correct, must seem to come from, the far point. 




Fig. 176.— Course of the Rays of Light in Hypermetropia. 

In spite of the faulty construction of his eye this boy is able to focus 
parallel rays of light upon his retina and. to see well at a distance by in- 
creasing its refractive power by means of the action of his accommodation. 
Hence, hypermetropia is the condition of the refraction in which the lens must 
assume a greater curvature when the eye is looking at objects in the distance* 




Fig. 177.— Self Correction of Hypermetropia by Means of the Accommodation. 

The hypermetrope can relax this effort of the accommodation while look- 
ing at objects in the distance when convex glasses are placed before his eyes, 
because the glass placed in front of his eye takes the place of the supple- 
mentary lens secured otherwise by a bulging forward of the crystalline lens. 

+2D 




Fig. 178.— Substitution of a Convex Glass for the Accommodation in Hypermetropia. 



This reveals one method by means of which we can measure the degree 
of the hypermetropia, for it is evident that we need for its correction a convex 
glass the focal distance of which coincides with the far point of the eye, 
or the focal distance of which is the same as the distance of the far point 
from the eye. The convex glass which corrects the hypermetropia gives us 
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through its focal distance the position of the far point and the degree of 
hypermetropia. 



Fig. 179.— Correction of Hypermetropia with Glasses: Parallel Rays of Light Are Made 

to Converge toward P. R. 

In this patient the convex glass necessary to correct the hypermetropia 
has a focal distance of 50 cm and the boy has therefore a hypermetropia 
of 2 D. We proceed in a manner exactly analogous to that followed in the 
measurement of myopia in that we place one after another stronger and 
stronger glasses before the eye ; the only difference is that while we take the 
weakest concave glass as the measure of the error of refraction in myopia, 
we measure the hypermetropia by means of the strongest convex glass with 
which the best vision is obtained. 

IL Manifest, Latent and Total Hypermetropia 

When we turn to the eye that is under atropin we find that it needs 
4 dioptres instead of 2 to enable it to see well at a distance. The hyper- 
metropia has been made greater by the paralysis of the ciliary muscle induced 
by the atropin. This is a characteristic phenomenon of the youthful hyper- 
metropic eye. Such a tonicity of the ciliary muscle develops in a hypermetrope 
that it cannot ordinarily be relaxed because he has been compelled from child- 
hood to accommodate continually. We can cause a portion of the accom- 
modation to relax by the interposition of convex glasses, but it is not able 
to yield entirely, a portion always remains active and conceals a part of the 
abnormal refractive condition of the eye. It is only when we actually paralyze 
the muscle with atropin that we learn the true degree of hypermetropia. We 
call the portion that is found by the ordinary test of vision with the strongest 
convex glass that is accepted the manifest hypermetropia. In this case the 
convex glass revealed only 2 dioptres, because the boy relaxed his accom- 
modation only that amount. We designate as latent hypermetropia that por- 
tion of the tension of the accommodation which did not relax in the test with 
glasses. The true amount of the error of refraction, the total hypermetropia, 
is the sum of the manifest plus the latent. In this case we have ascertained 
the total hypermetropia by means of the action of atropin. It must be taken 
into account that when the pupil is so widely dilated the refraction is in- 
fluenced by the flattening of the peripheral surfaces of the cornea and lens, 
so it is a better plan to determine the total hypermetropia either with the 
ophthalmoscope by the direct method, or by means of skiascopy, when the 
pupil is small. 

These conditions are important in the treatment, for the ratio between 
ttianifest and latent hypermetropia is variable. It may be changed, for ex- 
ample, by the wearing of glasses. When stronger and stronger glasses need 
to be prescribed for a hypermetrope it is because the latent hypermetropia 
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i§ gradually growing less and the total may finally become manifest. 
manifest portion of the hypermetropia depends mainly on the amplitude nf 
the accommodation and the age. Up to the age of 25 year* half of the total 
hypcrmetropia may be said to be manifest, but the older the patient grow* 
the greater will the manifest portion become, and after the forty-sixth yei 
the manifest is the same us the total in most cases. 

IH. The Selection of Glasses and the Troubles of Hypermetropia 

The knowledge of this ratio is important because the question naturalh 
.irises what glass to prescribe. We should give the full correction in the 
treatment of myopia, but this is not, to say the least, judicious in many 
cases of hypermetropia. It is possible by a gradual increase of the strength 
of the glasses to be able to correct the entire hypermetropia and enable the 
patient to see' at a distance without the use of his accommodation, but if it 
should ever happen to be necessary for such a hy pernio trope to s 
distance without glasses experience has proved that this tax upon bis accom- 
modation is much more severe than it is when he has been accustomed to make 
his ciliary muscle work rather more by wearing glasses that were not per- 
fectly corrective. For this reason it is better to prescribe for hypermetropes 
who are less than 25 years old only the glasses that correct the manifest 
portion of their errors of refraction. The total hypermetropia should not 
be corrected until after that age. 

There is another reason why we have so much to do with hypermetropia. 
The range of accommodation is just as great as it is in emmetropia or myopia, 
because this depends simply on the ability of the lens to assume a globular 
form, but as the liypcrmotrope is obliged constantly to use a portion of his 
accommodation for distance it is evident that presbyopia must begin earlier 
in hypermetropes than in emmetropes. Let us take an example: At the age 
of 33 the emmetrope still has a range of accommodation of 6 D at his 
disposal, P is at the distance of 17 cm. A hype raw trope of 2 D at the same 
age, who has the same amplitude of accommodation, needs two of the six 
dioptres for distant vision and his near point is therefore 25 cm from his 
eye. Thus it is that after the age of 45 we are frequently obliged to pre- 
scribe for hypermetropes different glasses for distant and near vision. Under 
certain conditions we must deviate from the rule to correct only the mani- 
fest portion of the hypermetropia in young people. A stronger glass may 
be necessary in feeble and amende persons. We must also give the full cor- 
rection if possible when there is a pathological tendency of the eyes to con- 
vergence, in strabismus convergens, because this tendency may be obviated 
by doing so. In the high degrees of hypermetropia it is also better in most 
eases to correct a larger part of the refractive error than is manifest. 

Ordinarily the hypermetropia is of a low or medium grade, it rarely 
amounts to more than 6 or 7 dioptres. When the eye is smaller than thi- 
ire DSOaOy find in it other congenital anomalies, such as coloboma or microph- 
thalmos, but cases are met with in which the hypcrmetropia is from 8 to 20 
dioptre* in eyes that are otherwise healthy. Such persons usually behave in 
reading as though they were nearsighted, they hold their books very eloec >-> 
! ' i y«e and have in consequence been thought to bo highly myopic in many 
cases. Snhmti'in has shown that this peculiar vision of hypermetropes 
due to the fact that the fault of focus increases in a much less degree tl 
the size of the rctioal images. 
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We must proceed carefully in the fitting of glasses. Here is a student 
who complains that his near vision is not distinct for any great length of 
time. He can read for a while, then the letters blur before his eyes, he pauses 
in his work, begins to read again, the letters blur again after a shorter in- 
terval, so that he is obliged to lay aside his work more and more often and 
for longer intervals. In addition to this he has an unpleasant sensation of 
pressure in his eyes, and even pain, which radiates into the brow. We find 
that he has hypermetropia. This is the clinical picture of accommodative 
asthenopia. It is caused by the overstraining of the ciliary muscle, and the 
blurring of objects in prolonged near work is due to the fact that the over- 
strained accommodation gives way and the eye then ceases to be correctly 
focussed. This weariness of the ciliary muscle is explained by the great de- 
mand made upon it by the hypermetrope. There is no fixed limit at which 
asthenopic troubles appear, sometimes they are present when the degree of 
error is very low. Other factors take part such as the general condition 
and the nature of the employment, and it has already been pointed out that 
the other muscular conditions of the eye, such as the connection between 
the convergence and the accommodation, must be taken into account. We 
are often obliged to prescribe stronger convex glasses than are accepted in 
•cases of accommodative asthenopia in order to aid the eye. 

IV. Apparent Optic Neuritis in Hypermetropia 

When the hypermetropic eye is carefully examined it may be easily recog- 
nized that it is rather smaller in all diameters than the normal, particularly 
in the higher grades. The principal cause of hypermetropia is a shortening 
of the axis of the eye. The anterior chamber is shallower in the hyperme 1 - 
tropic than in the normal eye, because the lens, which develops independently 
of the form of the capsule of the globe, is large in comparison with the 
small eye. I need only recall what was said in regard to this matter under 
the subject of glaucoma. In addition to this the ciliary muscle is constantly 
in a certain state of contraction in hypermetropes, and consequently the lens 
swells forward rather more and so contributes to the shallowness of the 
anterior chamber. Above all we find with the ophthalmoscope in a num- 
ber of cases of hypermetropia a change in the papilla which has been termed 
pseudoneuritis, and has a certain diagnostic importance because of its re- 
semblance to optic neuritis. The papilla appears rather red and swollen 
with hazy margins. It may be differentiated from true neuritis by the fact 
that it remains stationary, that it does not result in atrophy, that no white 
spots or hemorrhages are to be found associated with it, and that it causes 
no functional disturbance. 



199. Astigmatism and Its Determination 

Much time and labor is saved in the functional test of the eye by first 
ascertaining the refraction objectively with the skiascope. Our first patient 
presents a condition to which we have as yet paid no attention. The skiascope 
informs us that the refraction of the horizontal meridian of his eye is quite 
different from that of the vertical. We would strive in vain to improve his 
vision by means of spherical glasses, for the position in which such an eye 
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finds itself relative to its vision may he made elear by this plate, which shows 
the course of the rays of light in astigmatism. 




Pig. 180.— Course of the Rays of Li?ht in Astigmatism. 



The simplest and commonest form of astigmatism is caused by a dif- 
ference in the curvature of the two principal meridians of the cornea which 
are perpendicular to each other. 

For example: The rays that pass through the vertical meridian of the 
cornea focus at /. those that pass through the horizontal meridian at /', 
consequence of the greater curvature, hence the eye is unable to unite into 
one common focus at any point the parallel rays that fall upon it. The 
two meridians in which the refraction is greatest and least are called the, 
two principal meridians. The meridian next adjoining the vertical has 
somewhat greater curvature and the curvature of each meridian increase* 
up to the horizontal. The image cast by a cornea that is curved in thi 
manner can be sharp nowhere. The form of the image depends on the siti 
ation occupied by the retina in this system. If, for example, it were situate 
at the place marked 1 the transverse section of the cone of rays would fori 
a vertical ellipse. At /, the anterior linear focus, the image of a point would 
form a vertical line, and so on. The interval between / and /', the anterior 
and posterior linear foci, is called the interfocal space. 

It is evident that under such conditions the vision must lie considerably 
impaired in astigmatism. According to Muegge the relations between i 
mat ism and impairment of vision are as follows: 
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cornea. Most commonly the vertical meridian has a greater curvature than 
the horizontal. This anomaly is known as direct astigmatism. 1 More rarely 
the horizontal meridian has the greater curvature and the condition is then called 
inverse astigmatism. 2 But the cause may also be situated in the lens, and this 
must be borne in mind when we find a difference between the corneal and the 
total astigmatism. 

Whatever the cause may be, the vision of such an eye is considerably 
impaired. The objects seen may appear distorted, or simply indistinct, ac- 
cording to the position of the bundle of rays that the patient uses. Hess 
has proved that the image of a letter may be perceived more easily from the 
focal circle than from the linear focus. It can be established in many cases 
that heredity plays a great part in astigmatism. Even the direction of 
the principal meridians may be hereditary. Two practical points interest 
us :• 1, How to determine the astigmatism ; 2, how to proceed in fitting glasses. 
for its correction. 

L Determination of Astigmatism 

We have to differentiate between regular and irregular astigmatism. In 
regular astigmatism there is a different curvature of the individual meridians 
of the refractive media, but the curvature in each meridian is uniform. In 
irregular astigmatism the curvature is not everywhere the same in one and 
the same meridian. We find irregular astigmatism chiefly in connection with 
corneal opacities, and will not take it into consideration at the present time. 

To ascertain whether any considerable degree of astigmatism is present 
in an eye we first examine the cornea with Placido's disc, the concentric 
circles of which will appear to be elliptic in the reflection from the surface 
of the cornea if there is much astigmatism. The short axis of the ellipse 
indicates the principal meridian of the greatest curvature. 

The presence of astigmatism may also be detected with the ophthalmo- 
scope from the following signs. As the enlargement must vary when the 
curvature of the meridians of the cornea are of different strengths the papilla 
appears to be not round, but oval. In the upright image the papilla ap- 
pears to be larger in the more strongly refracting meridian than in the one 
in which the refraction is weaker, so if the vertical meridian has the stronger 
curvature the papilla appears to be vertically oval. In the inverted image, 
on the contrary, the enlargement is greater in the less strongly refracting 
meridian, provided that the loupe is held nearer the eye than its focal dis- 
tance, so that the papilla appears to be horizontally oval. We can deter- 
mine the refraction of the individual meridians in the same way that we can 
estimate the total refraction in the upright image, by focussing upon the 
minute vessels on the papilla, but this method of measuring the astigmatism, 
is quite difficult, the work can be * accomplished much more easily with the 
skiascope. 

The mirror is first rotated on its vertical axis until the refraction in 
the horizontal principal meridian has been learned, then it is rotated on its 
horizontal axis and the refraction in the vertical meridian determined. The 
following possibilities may be present. 

There may be emmetropia in one principal meridian, hypermetropia in 
the other, the case then is one of simple hypermetropic astigmatism. If one 

[ l Or astigmatism with the rule — F.] 
[*0r astigmatism against the rule — F.] 
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meridian is emmetropic and the other myopic we have simple myopic astig- 
matism. Both meridians may be hypermetropic or myopic to different de- 
grees, and then we have a compound hypermetropic or viyopic astigmatism. 
If one meridian is hypermetropic and the other myopic the case is one of 
mixeil axtiijmatism. 

We indicate the condition found by the skiascope in the following \ 



- -f- 2.0 h simple hypermetropic astigmatism. 



■ E = simple myopic astigmatism. 



- + 4.0 = compound hypermetropic astigmatism. 



- 1.0 = compound myopic astigmatism. 



■ -|- 2.0 = mixed astigmatism. 



In this way we are informed at once about what glass the eye in ques- 
tion will need, but in many cases it is necessary to control this skiascopic 
finding and to determine the astigmatism rather more accurately- It is an 
advantage of the skiascopic method that we are able to learn at once the 
total astigmatism which is decisive in regard to the function of the eje and 
the fitting of glasses, but it is often difficult to ascertain it positively in 

I B « 

Fig. 181a. Fig. 181b, Fig. 181 c 

Determination of Astigmatism. 

this manner because the pupil may contract and the patient accommodate 
while he is looking straight ahead, and if the patient should look a little 
to one side, so that we get the refraction of the region of the papilla, wc 
have not the conditions that correspond exactly with the refraction in the 
line of vision. There is still another important factor: Frequently the prin- 
cipal meridians arc not exactly vertical and horizontal, hut ohlique. The 
expert notices this at once when he uses the skiascope, the apparent move- 
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the rotation of the 



ment of the illuminated field is not in the same plane i 
mirror. 

In such cases we can determine exactly the deviation of the principal meri- 
dians from their normal position by means of the ophthalmometer which was 
devistd by Helmholtx and adapted to practical use by J aval and Svhioets. 
We measure with this instrument the images reflected from the cornea and 
find from them the curvature of the latter. Given a fixed size of the object 
and a fixed distance of the object from the cornea, the size of the reflected 
image changes only with the degree of curvature of the cornea. This curva- 
ture may therefore be calculated if the size of the reflected image is known. 
The necessary apparatus for this purpose is contained in the telescope which 
passes through the centre of the arc. This shows us the reflected images 




Fig. 182. 



Ophthalmometer. 



enlarged and doubled by means of n double prism. The objects may be made 
to appear red and green by means of red and green glasses. 

The patient places his chin on the chin rest and is directed to look with 
the eye that is being examined directly into the tube, which we point at the 
eye. We then move the apparatus near enough to the eye to be able to see 
the mires distinctly as we look through the tube. This is the primary posi- 
tion. We move the mires back and forth until we see that the image* jxul 
touch. Then comes the second step. We must ascertain whether the prin- 
cipal meridians are ohlique or not. This is done simply by noticing whether 
the bases of the mires are of equal height when the arc is in a horizontal posi- 
tion. If the bases nf the mires do not coincide when the arc is horizontal the 
principal meridians arc oblique. All that is necessary then is to turn the arc 
slowly until the bases of the two mires exactly coincide. We find in this way 
the direction of the principal meridians very accurately and can read the 
degree of obliquity from a scale that is attached to the instrument. It was 
decided at the last International Ophthalmologies! Congress that the nota- 
tions of the meridians of each eye shall begin with at the nasal end of the 
horizontal meridian and increase to 180° at its temporal end. After the 
direction of the principal meridians has been ascertained we need only to 
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rotate the arc 90° and see whether the mires continue to touch. If the curva- 
ture of the meridian of the cornea now being examined is different the 
mires may overlap and one or more steps may be covered. The compara- 
tive size of the mire and of the steps is such that each step corresponds 
to one dioptre of difference of refraction. We therefore find by means of 
this instrument the position of the principal meridians, or their deviation 
from the normal, and the difference in their refractive powers expressed 
in dioptres, i.e., the astigmatism. On another scale we can read the length 
of the radius of curvature. The technique of using this excellent instru- 
ment can be learned in a few minutes. A slight difference of curvature 
between the horizontal and vertical meridians is present in the perfectly 
normal eye. In most cases the vertical meridian is more refractive than 
the other by 0.5 to 0.75 D. This amount of astigmatism is therefore 
physiological. 

IL The Prescription of Glasses for Astigmatism 

We first learn definitely in how far the astigmatism impairs the vision 
and what glass is best fitted for its correction from the functional test 
of such an eye. 

It is plain that we cannot correct this error with spherical glasses, 




Fig. 183. — Cylindrical Glasses. 



we need to use instead cylindricals. Imagine a segment cut from a cylin- 
der; this forms a convex cylindrical lens. The rays of light that fall upon 
it in the plane of its axis undergo no refraction, while those that fall upon 
it in the plane perpendicular to its axis undergo the maximum of the re- 
fraction that corresponds to the curvature of the cylindrical surface. The 
same is true of the concave cylindrical lens, which represents a cast of the 
convex cylinder. 

We can easily determine whether we are dealing with a convex or a 
concave cylindrical glass by the method of parallactic displacement. When 
we move it before our eyes in the direction of its axis there is no apparent 
movement of the object looked at through it, but when we move it in a 
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direction vertical to its axis the apparent movement of the object is im- 
mediately perceptible. In order to facilitate the prescription of cylindrical 
glasses for astigmatism we take into account only the two principal meri- 
dians and pay no attention to the rest of the cornea. 
Examples. When we find 

"™"t^~ +8.0, that the eye is hypermetropic 8 D in its horizontal meridian 
I and emmetropic in its vertical, it is plain that we must place before the 

eye a convex cylindrical lens with its axis vertical. Then the error of 

refraction in its horizontal meridian will be corrected, while the refraction 

in the vertical meridian remains unchanged. 
In simple myopic astigmatism, e.g., 
1—4.0 

•"■t - ■■ E, we prescribe a concave cylindrical lens with its axis horizontal. 

In compound astigmatism we need a combination of spherical and cylin- 
drical glasses. If we find with the skiascope 

|-« -o . . ■ . 

•"■T - ■■ — 2.0, there is a myopia of 2 D in both meridians together with an 
I additional 2 D of myopia in the vertical meridian, so we prescribe — 2.0 

spherical 3 — 2.0 cylindrical axis horizontal. 

The conditions correspond in compound hypermetropic astigmatism, e.g., 

1+i .Q 

*"™+"~+4.0. There is a hypermetropia of 1 D in both meridians with an 
I additional 8 D in the horizontal, so we prescribe +1.0 sph.O+3«0 

cyl. axis vertical. 

In a case of mixed astigmatism, e.g., 
1—2.0 

-™"l^— +1.0, we may prescribe a priori +1.0 cyl. axis vertical 3 — 2.5 
I cyl. axis horizontal, but can combine these figures and write +1.0 sph. 
3 — 8.0 cyl. axis horizontal. 

The more experience we have the more certain we become of the fact 
that the astigmatic eye by no means always accepts the glass as best which 
is indicated by the skiascopic and ophthalmoscopic measurements. Very 
often the glasses chosen objectively and subjectively are markedly different. 
Various factors enter into the explanation of these differences between the 
ophthalmometrically determined and the subjectively ascertained astigma- 
tism. Deviations of both surfaces of the lens from the spherical form play 
an important part. Ghdlstrand has shown that the influence exerted by the 
size of the pupil upon the refraction of light in the cornea does not suffice 
to explain these differences. The claim has frequently been made that the 
eye can compensate for a portion of the corneal astigmatism by a partial 
contraction of the ciliary muscle, but it has not yet been proved that a 
partial contraction of the ciliary muscle can take place. Hess has revealed 
sufficiently the sources of error that may be present in attempts to prove 
"that it does. At all events we learn by experience that the patients them- 
selves are best able to determine which glass is best fitted to them. It is 
equally wrong to jit cylindrical glasses while the pupil is dilated by atropin. 
In consequence of the dilatation of the pupil and the participation of the 
I>eripheral portions of the cornea and lens, glasses can then be fitted which 
Cannot be borne by the eye under normal conditions. As a general rule we 
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cakest cylindrical glass with which the eye obtains its best 
ish to call attention to the fact that many astigmatic PJM 
nything like norma! vision even with the very best correction 
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vision, and I ' 
cannot obtain 
with glasses. 

Finally we have a patient who has been operated on for cataract and 
needs to be fitted with glasses. Hitherto we have been contented bo say 
that an eye that was formerly emmetropic develops after the removal of its 
lens an average hypermetropia of 10 D, and accordingly needs a +10.0 
D glass to see clearly at a distance, but there Is in the majority of casa 
in addition to the hypermetropia an astigmatism produced by the (round. 
The larger the section is made, and the closer it lies to the central part of 
the cornea, the greater is the resultant astigmatism. In the usual extraction 
upward the horizontal meridian of the cornea acquires a greater currature, 
the vertical meridian a less. As the adhesion of the margins of Hie wound 
grows firmer and the region of the incision becomes flattened this astigmatism 
is accustomed to grow less as the weeks pass by. It is therefore the rule 
that the final glass should not be prescribed for a cataract patient until 
six or eight weeks have elapsed since the operation. As this astigmatism 
is inverse, or against the rule, we add to the necessary convex glass a convex 
cylindrical lens with Its axis horizontal. Here is a point to note. Cataract 
patients often do not see as well with the spherocylindrical glasses made by 
the optician, as with the same combination of test lenses, although the 
prescription has been filled correctly. The optician grinds the double curva- 
ture of our biconvex lens upon the anterior surface of his glass and that of 
tin cylindrical lens upon its posterior surface. According to Dimmer tin- 
spherical component of such a glass may readily he made too strong and 
tin- cylindrical too wmk. According to O-stwtiUl this clinical phenomenon 
is due to the fact that the correcting cylindrical glass for the aphakic eye- 
is influenced a great deal in its effect by its relative position to the eye. At 
nil events it is a practical point that we should test our patients who have 
aphakia and astigmatism with piano convex spherical glasses and that when 
We add the cylindrical glass we should place it next to the eye. Mam 
attempts have been made to obviate astigmatism by means of an operation, 
but these have not given satisfactory results, so we have to content ourselves 
with the correction by glasses. In some cases in which we can obtain Dfl 
useful vision in this manner, we can make use of stenopeic slits, as in kern- 
tocoiHM, by means of which an astigmatic eye often can obtain better vision. 

A few words concerning irregular astigmatism, which we meet with 
great variety, especially in connection with opacities of the cornea. In 
commencing opacity of the lens also the refractive powers of the different 
sectors of that organ may differ so much that the retinal images cist by 
them may be broken apart and may finally he perceived to be separate. 
Irregular astigmatism causes objects to appear to be distorted. It cannot 
be corrected with glasses. 

200. The Test of the Peripheral Vision and the Disturbances oF the 
Visual Field 



All of the methods we hav. 
acuity, the measurement of the 
and the determination of the i 
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with the central vision. If we hold up a hand to one side of the eye, while 
the latter is looking straight ahead, we can perceive its movements with 
the periphery of the eye. This perception depends on the functional power 
of the peripheral parts of the retina, and the investigation of the peripheral 
vision is a necessary part of the complete functional test of the eye. The 
projection of the entire region of the retina that is sensitive to light we 
call the field of vision, which includes therefore that part of space from 
which the eye without moving can receive visual impressions. We have to 
test the visual field in different ways according to the capacity for vision 
that the eye possesses, which may be illustrated on these three patients, one 
of whom has a mature senile cataract, one an extensive detachment of the 
retina, and one commencing atrophy of the optic nerve due to tabes. 

I. Test of the Projection in Mature Cataract 

When a cataract has become sufficiently mature to render an ophthalmo- 
scopic examination of the eye impossible we have to ascertain whether the 
retina still possesses normal functional power by means of the test of the 
projection. In spite of the opacity of the lens such an eye must be able 
to perceive the light of a candle in a dark room at the distance of several 
metres, and the patient must above all be able to tell us from what direction 
the light enters his eye. We throw light into the eye of this patient by 
means of a mirror and he perceives and states accurately the direction from 
which the light comes. It has already been stated that such a result as this 
is preconditional to success in an operation for cataract. 

IL Control Test with the Examiner's Own Eye 

Our second patient has an almost total detachment of the retina and can 
perceive nothing with the eye except movements of the hand. If we wish 
to learn the extent of the field of vision that has been preserved in this and 
similar cases we may proceed in the following manner: We cover the good 
eye and have the patient look with the bad one at our own; then we bring 
a large object, like a wad of cotton, with twitching movements from the 
periphery toward the centre in various directions, and we are thus able to 
learn from our own field of vision what part of that of our patient has been 
preserved. 

III. Test with the Perimeter 

If the eye still possesses central vision and a fair degree of visual power 
we test the field by means of the perimeter, an instrument of which several 
models are in use. 

a. The Normal Field of Vision 

The limits for the field of vision are fixed by the points situated farthest 
from the visual line from which the rays of light can excite a sensation of 
light within the eye. Under normal conditions the size of the field of vision 
is influenced by the following factors: 1, By the position of the lids; the 
field is enlarged somewhat when the upper lid is strongly raised or *rhen 
We draw back the outer commissure; 2, by the position of the upper and 
lower margins of the orbit, the nose and the eyebrows; the visual field of a 
deeply sunken eye is somewhat contracted ; 3, .by the size of the pupil, which 
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is of less consequence, except that when the pupil is very small the amount 
of light that enters the eye may be limited, and so the function of periph- 
eral vision may be compromised ; 4, the limits of the visual field may tie 
enlarged a little during accommodation by the bulging forward of the an- 
terior surface of the lens, as then rays can enter the eye which are intercepted 
by the iris when the eye is at rest; 5, by the form of the eye itself; the field 
of vision is sometimes smaller in axial myopia than in hypernietropia. But 
all of these conditions can scarcely be said to play any part when the question 




Fig. 184.— Perimetry 

is to discover pathological conditions, for, as a rule, these are disclosed with 
sufficient clearness. 

We begin by ascertaining the limits of the visual field for white and then 
for colors. The average extent of the field of vision may be said to be: 

For white to the nasal side and above 60", below 70°, to the temporal 
aide 90°. 

For blue to the nasal side and above 60% below 50", to the temporal 
side 70 \ 

For red to the nasal side and above 40", below 40% to the temporal 
side 50°. 

For green to the nasal side and above 80 s , below SO 3 , to the temporal 
side 40°. 



b. Perimetry in Disease and the Mo.it Important Disturbances of the 
Field of Vision 

A defect in the visual field is called a scotoma. We distinguish first 
between a negative and a positive scotoma. We discover the negative bv 
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perimetry, the patient himself notices the positive as a dark shadow. This 
distinction is of importance in so far as we thereby obtain data in regard 
to the site of the disease. A positive scotoma, of which the patient com- 
plains, indicates that the lesion is situated in the eyeball itself. The scintil- 
lating scotoma is the only one that is positive and is due to a lesion in the 
brain. Negative scotoinata are usually caused by lesions in the optic paths 
of conduction. 

We also distinguish between an absolute and a relative scotoma for black 
and white and for colors. A scotoma is absolute when the patient is unable 
to see a black and white object in the portion of the field affected; it is 
relative when black and white objects can be seen but only indistinctly, and 
colors appear to be gray. The principal types of curtailment of the field 
of vision are: 1, Concentric contraction; 2, central scotoma; 8, annular 
scotoma; i, sectorlike scotoma; 5, peripheral scotoma. The following points 
are diagnostic: We meet with concentric contraction in simple atrophy of 
the optic nerve, in the atrophic stage of choked disc, and to a high degree 
in pigment degeneration of the retina. It causes troubles of orientation in 
all cases of this nature, but such trouble is absent in the concentric contrac- 
tion due to traumatic neurosis and hysteria. The troubles are only slight at 
the commencement of a concentric contraction of the visual field due to 
organic causes. In a case of central scotoma, in which the peripheral portion 
of the field is well preserved, we must try to find an explanation of the 
impairment of central vision in the ophthalmoscopic condition. The proof 
of the existence of a central scotoma is furnished by the fact that an object 
is seen better excentrically than in the visual line. When we place a small 
colored object before a patient in his visual line it is best to cover it at first, 
then to uncover it suddenly and ask him to name the color. Such a scotoma 
may be present either in one or both eves. Unilateral scotoniata are due in 
manv cases to central diseases of the retina and chorioid, and attention 
is called to them, as a rule, by such symptoms as nietamorphopsia and 
micropsia. The most important causes are central retinitis, central chorioid- 
itis, and hemorrhage in the macula. Still a unilateral central scotoma may 
be due to a retrobulbar cause, such as multiple sclerosis, syphilis of the base 
of the brain, or the so called rheumatic affections of the optic nerve. Bilat- 
eral central scotoma usually indicates a disease of the papillomacuhir bundle, 
as in alcohol and tobacco amblyopia, in diabetes, and in the cachexia of 
carcinoma, but central affections of both retime may also be the cause. In 
annular scotoma the centre and the periphery are not affected. This form 
is met with chiefly in pigment degeneration of the retina, in the chorioiditis 
of hereditary syphilis, and in diseases of the posterior ciliary vessels. Sector 
shaped scotomata are mainly due to occlusions of certain vessels, and the limits 
for both white and colors usually coincide with the line of demarcation of the 
scotoma. Irregular sectors may also be met with in tabes and multiple sclerosis, 
hut in these the limits for white and for colors arc not apt to lie close together. 
Finally, the field of vision is contracted irregularly from the periphery in 
glaucoma and detachment of the retina. In glaucoma it usually begins on 
the nasal side. The conditions presented by hemianopic defects of the visual 
field have been described in another place. 
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201. The Test of the Light Sense 

The phenomenon of the adaptation of the eye to reduced light a mQ 
known to everybody. When we pass from a brilliantly lighted room to one 
that has much less light, or is dark, we can see little or nothing at first, but 
gradually objects become more distinct. This phenomenon is due to the fact 
that the visual purple regenerates itself in the retina when the light 
decreased, and as it augments in the outer segments of the rods of the retin 
the eye becomes sensitive to minute quantities of light. If this adaptatioi 
of the eye is studied more carefully we find that the sensitiveness of the eyi 
in a dark room increases at first rapidly, then more slowly, and that 
reaches its maximum in about twenty minutes. The physiological fact is 
worthy of notice that the fovea has a slow power of adaptation. Thus 
happens that after we have remained in the dark for some time we i 
perceive excontrically faint traces of light which disappear as soon as ' 
look directly at them. 

Serious disturbances in the adaptation of the eye to reduced light i 
met with in various conditions. They ordinarily take the form of a delay 
in adaptation, and it is this form with which we have most to deal. An 
increase of sensitiveness to minute quantities of light occurs only in persons 
who are totally color blind. 

The usual disturbance is revealed clinically by the so-called hemeralopia, 
in which the patients see very badly as evening approaches, have 



orientation, and sometimes are absolutely helpless. We find hemeralopia 
pigment degeneration of the retina, in siderosis bulbi, and in the disease of 
the retina and chorioid due to hereditary syphilis. We must differentiate this 
kind of hemeralopia, which is due to a disease in the fundus, chiefly of the 
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retina, from those troubles that arc caused by opacities of the cornea. Large, 
diffuse corneal opacities sometimes excite hemeralopic troubles when the 
pupils dilate in the evening and the peripheral portions of the cornea gain 
importance in the act of vision. On the other hand patients with purely 
central opacities of the cornea or lens may be able to see better in the 
evening, when the pupil is dilated (myctalopia). There is also a hemcralopia 
caused by a general nutritive disturbance. I refer to that described under 
xerosis of the conjunctiva. In this also the adaptation of the eye is delayed. 

This boy, 16 years old, has been brought to us because he has exhibited 
symptoms of hemeralopia for several weeks. As soon as twilight comes on 
he is obliged to feel his way along in order to go home. The ophthalmoscopic 
condition is perfectly normal, but the boy is very badly nourished. When 
we wish to investigate in such a case as this whether a disturbance of the 
light sense is present we can simply darken the room and ascertain by our 
ordinary test types whether the visual acuity of the patient has decreased 
more rapidly than our own, which we know to be normal. 

The conditions of adaptation may be tested more accurately by means 
of Foerster's photometer, which consists of a box with an opening in one 
of its narrow walls to which each eye is to be applied. Near one opening 
is a window 5 cm square covered with white paper. This paper receives the 
light from a candle enclosed in a lantern attached to the outer wall of the 
box. We can regulate the amount of light that falls upon the paper by 
means of Aubert's movable diaphragm, the opening of which can be reduced 
from 1500 square millimetres to 1 square millimetre. We can read the side 
length of the opening in the diaphragm on the scale that is attached. The 
object to be looked at, white stripes on a black background, is on the inner 
surface of the opposite side of the box. In order to enable the eyes that 
are not yet accustomed to the dark to see the object, the diaphragm is opened 
wide. As soon as the patient sees the object, the opening in the diaphragm 
is made smaller, the time and the width of the aperture noted. As the patient 
continues to look into the box the object gradually reappears and the 
opening in the diaphragm is again made smaller until the object has again 
disappeared. The effect of adaptation in such a hemeralope can be given 
in millimetres on the diaphragm in ten minutes. The light sense is so impaired 
in this patient that the opening in the diaphragm can be contracted only to 
10 mm, although we can see the object when the aperture is smaller. 



202. The Test of the Color Sense 

It was shown in the examination with the perimeter that the outermost 
periphery of the retina is color blind. If in perimetry we move the color 
"test object from the periphery of the field toward its centre we first notice 
only the movement of the object, and then gradually we become able to 
Tecognize the color. Under normal conditions the limits within which colors 
can be seen differ for each individual color. The field of vision is small 
for green, rather larger for red, still larger for yellow and largest for blue. 

We have seen repeatedly that disturbances of the color sense may be 
-acquired in diseases of the retina, and of the optic tracts, as in simple 
atrophy of the optic nerve. At first the field for white may be quite normal, 
although there is a distinct contraction of those for green and red. Hence 
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the color test, especially the test for red and green, is frequently the first 
of all to disclose a pathological process. 

Congenital disturbances of the color sense are met with. The most 
common is the red green blindness. We have to deal with these anomalies 
when we have to determine whether employees of the railway, or persons 
connected with the army, have normal color sense. 

We can distinguish in every color its tone, its saturation and its bright- 
ness. By the term tone we refer to the quality of the coloring components, 
while the saturation is dependent on the ratio in which the colored and colorless 
components take part in the composition of the sensation of color. Thus 
we see in orange some red together with the yellow, and in another yellow 
some green. 

There are only four colors which we may designate, according to Hcring, 
as basal or primary, the appearance of which gives us a simple, unmixed 
sensation of color. These are pure red, which has no bluish or yellowish 
tint, pure green, yellow that is neither reddish nor greenish, and pure blue. 
These four primary colors form two pairs, red and green, yellow and blue. 
The two colors of each pair are called antagonistic colors, because they 
mutually exclude each other from exciting sensation in the retina. We can 
conceive of a blue which excites at the same time the sensation to some 
degree of green or of red, but not of a blue that produces the sensation of 
yellow. 

Each color engenders the sensation of white in addition to that of its 
own hue in consequence of its varying brightness. This is because each 
color has a white "valence" in addition to its color valence, and both the 
brightness and the saturation of a color depend on the ratio between these 
two valences. The primary colors possess only one color valence along with 
the white valence, while the mixed colors have two. It is a physical necessity 
in the perception of colors that a physical accompanies the psychical act. 
Although we do not yet know^ the details of the metabolic changes in the 
retina, yet we can conceive with Hering those parts within the eye, the con- 
dition of which is intimately associated with the vision of colors, to be visual 
substance. 

We may also suppose that each color corresponds to a quite fixed stimula- 
tion of a certain part of this substance, that color and stimulation are 
necessarily associated. As regards the nature of these stimulations of the 
visual substance I will quote a few words from Hering. "The nature of life 
lies physically in the metabolism of the living substance, by which, on the 
one hand, material is formed which is thrown off as something foreign, and 
on the other materials that are suited to it are taken up at the same time 
and formed into constituents of the living substance. The latter process 
has been called assimilation, an expansion of an old term used in the physi- 
ology of plants, and to this I have opposed the term dissimilation for the 
former process. While we can separate the conceptions of these two processes 
we cannot conceive of them as simply taking place side by side, and imagine 
the living substance to be a dormant mass which simply gives up waste 
material on the one side and takes up new material on the other. We have 
rather to think of assimilation and dissimilation as two intimatelv interwoven 
processes which constitute, in their peculiar way, the unknown metabolism of 
the living substance and take place at the same time in every minute portion 
of the latter, therefore this substance is nothing constant or quiet, but ever 
changing more or less in itself, ever active/* 
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All colors may be arranged according to tone in a socalled color circle. 
According to Hering, "If we choose a certain color in such a circle as the 
starting point, for example, a red like that with which a spectrum usually 
begins at its long waved end, we see the red constantly becoming more 
distinctly yellowish, while the redness of the color correspondingly decreases 
until we pass through orange and golden yellow to yellow which shows no 
trace of the red so plainly visible in orange. Other yellow colors follow this 
yellow in which green appears more and more (sulphur yellow, canary yellow). 
Farther on green becomes more and more distinct, as in sap green, while the 
yellowness becomes less marked and we finally come to a green that shows 
no trace of yellow. Following this green are other green colors in which 
blue may be perceived (water green), farther on the blue grows stronger, 
the green weaker (water blue), until we reach a blue that has no trace of 
green. To this blue succeed colors in which reddishness grows stronger and 
stronger, the blueness correspondingly decreasing (blue violet, red violet, 
purple red) until we come to a red from which the last trace of blue has 
disappeared. To this red succeed red tones with traces of yellow until we 
reach the red from which we started." 

We may suppose, to use very popular language, that under the influence 
of light the visual substances are either assimilated or dissimilated. The 
white valences exert a dissimilative action upon the visual substance for the 
perception of black and white, while in the absence of light assimilation takes 
place and we have the sensation of black. If we take a red green, or a blue 
yellow, perceptive substance, pure red dissimilates the red green substance, 
while pure green assimilates it. If a pure red and a pure green are thrown 
on the same place in the retina it depends on the ratio between them whether 
assimilation or dissimilation prevails, and the resultant seasation is either 
red or green. If two antagonistic colors are used that are equal in their 
effect upon the visual substance their color valences are abrogated, the only 
effect that remains is that of the black and white perceptive substance, and 
we perceive only white of a certain degree of brightness. That the antago- 
nistic, or complementary colors act in fact as opposing forces may be 
demonstrated with Hering 9 8 color top. 

In order to understand color blindness we have to suppose, according to 
Hering's theory, that one or both colored visual substances are absent. If 
the substance perceptive of black and white is the only one present the color 
blindness is total. All colors then act only through their black and white 
valences and are therefore perceived only as white of varying degrees of 
brightness, or as gray. 

In fact, the color of the entire world appears to the totally color blind, 
to be gray on gray. Such persons are easily recognized. They have a great 
deal of photophobia, their visual acuity is much impaired, and they usually 
have nystagmus. On the other hand their vision in the dark is decidedly 
better. The totally color blind reaches the optimum of adaptation in a few 
minutes. In order to obtain a conception of the vision of the totally color 
blind it is only necessary for one to picture to himself how he would see if 
he were to remain for a long time in the dark. Persons with total color 
blindness are seldom met with, and cases of yellow blue blindness are also very 
rare. 

Red green blindness is of much greater practical importance. According 
to Hering 9 s theory this is due to an absence of the red green visual substance. 
Two types of this anomaly are met with. In one the spectrum is shortened 
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and the person has relative blue sightedness, in the other the spectrum is not 
shortened and the person has relative yellow sightedness. The presence of 
this anomaly is of great importance in many occupations. Persons so 
afflicted are excluded from the railroad service, as well as from various other 
callings. It is a condition that is widespread; it is met with in 4% of all 
men; women are less often affected. When we test the color sense we must 
be in a well lighted room, because the adaptation of the eye is of importance 
to the color vision. It is astonishing how well such a patient is able to name 
the different colors shown him. This is because he has been accustomed from 
childhood to notice very minute differences of brightness and saturation, and 
has learned to judge far better than we can what the color is from the 
difference in brightness. We can therefore consider no method of color test- 
ing as decisive in which the patient has to name the color. In Adler's test 
with colored pencils the patient is directed to write with each pencil the 
name of its color. The methods in which colored signals like those used on 
the railway are employed and the patient is told to name the signal are of 
just as little use, for most red green blind persons can distinguish red and 
green signal lights apart by their brightness. Yet an employee who could 
pass this test might occasionally mistake the signals and is therefore unfit 
for service. On the other hand it may happen that a man with normal color 
sense may name the colors wrongly, because he is not well acquainted with 
them. Hence it is wrong to ask a patient to name the various colors in a 
test for red green blindness. The only method that is unobjectionable is 
one in which the errors that the color blind commits in the confusion of colors 
can be perceived. 

The so-called Holmgren's wools are used for this purpose. One of the 
variously colored skeins is taken as a test, and a person who is red green 
blind is apt to confound other colors with it. Red and green of the same 
brightness are distinguished by the red green blind by the fact that the 
former appears darker to him than the latter, but if we gradually diminish 
the brightness of the greens until the color appears to the red green blind 
to be of equal brightness with the unchanged red it will be difficult for him 
to tell the two colors apart. We therefore pick out a skein and ask the 
patient to select from the mass of skeins that are left all those that seem 
to him to be similar to it. If we pick out a bright green skein, in the color 
of which there is neither blue nor yellow, the patient may place beside it gray 
and red brown, or rose colored skeins. Or we may choose a purple that is 
neither bluish nor yellowish, and then those patients who belong to the first 
type will pick out the darker violet colors, while those who belong to the 
second type will take the brighter shades. Our attention is often attracted 
to the anomaly by the way in which a man with red green blindness behaves, 
bv the slowness with which he sorts the colors. 

We have other methods with which to confirm the diagnosis, one of which 
is the pseudoisochromatic test, in which we show the patient two objects 
that differ in color to the normal eye, but are confusing to those blind to 
certain colors. A good test is Stilling** tablet, which is composed of spots 
of various forms on a white background that are of the same tone, but differ 
in brightness and saturation. Between these spots lie spots of the confusion 
color which in combination with the former make figures and letters. The 
test shows whether the patient can read these characters or not. 

The examination made in Germany is with Xagd*s color tablet, which 
consists of a circle of little colo**** discs on a white background. On many 
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of these tablets the circles are of only one color, but the discs vary in bright- 
ness and saturation. The color blind often thinks these circles are of different 
colors, because he takes the differences in saturation and brightness to be 
differences in color. On other tablets the circles are of various colors, and 
the color blind is unable to distinguish those that have only one color from 
those that have many, because the color tones chosen represent the confusion 
colors. 

We can study the color blind more accurately by means of an apparatus 
like that devised by Hering, which is based on the fact that a perfectly valid 
color equation can be established for every person who is blind to two colors, 
which appear absolutely different to the normal eye. 



203. Tonometry and Its Clinical Significance 

In making purely scientific, experimental investigations we can introduce 
into the eye a canula connected with a manometer, in order to measure the 
intraocular tension, but this method is not available for clinical purposes 
on man, so we have to resort to an extraocular measurement of the tension. 
In practice we rely mainly on digital palpation. We ask the patient 
to look down, place the tips of our two forefingers upon the upper lid as 
near as possible to the supraorbital margin, because the lid is thinnest at 
this place, and then make alternately with them a slight pressure on the 
sclera. In this way we are enabled to estimate the height of the intraocular 
tension from the amount of force we have to use in order to overcome the 
resistance of the capsule of the eyeball and to produce in it a distinctly 
^perceptible impression. We designate the different degrees of tension deter- 
mined in this way by T+l, T+2, T+3, T— 1, T— 2, T— 3, as suggested 
T>y Bowman. But the results obtained in this way can represent no exact 
values, although the value of digital tonometry is not to be underestimated; 
it is clinically indispensable. Anyone who has a delicate hand and a well 
developed sense of touch can detect with certainty very slight differences of 
"tension, but the sources of error in this method are very evident. In the first 
3>lace we can obtain by it no values that can be expressed in figures, and 
^secondly the unlike conditions of the eyelids, the variations in the intraorbital 
cushion of fat and the imperfection of the sense of touch as well as of the 
^pressure of the finger tips, render difficult an exact determination of the 
""tension. It is particularly hard to get in this way an idea of the fluctuations 
of tension that may take place. It is therefore easy to understand why 
efforts have been made for a long time to supplant digital tonometry by 
Ttneans of instruments. The best tonometer for clinical purposes of the large 
number that have been devised is that of Schioetz. I will read from the 
directions that accompany this instrument. "Before using this instrument 
'the operator must see that the indicator is correct by placing the apparatus 
Xipon the convex model that is furnished with it, when the needle should point 
'to 1 , the first division of the scale. The measurement is commenced with the 
J5.5 gram weight. When the eye that is being examined has a normal intra- 

[* The zero mark is supposed to indicate the first line at the extreme lett end of the 
scale. Its presence has proved rather confusing and apt to lead to an erroneous interpreta- 
tion of the readings, so it has been omitted on many of the instruments. — F.] 
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ocular tension the needle points to between 3 and 6 mm. When the tension 
of the eye is increased to a considerable degree the needle may be "directed to 
0, or even a little to the left of the scale; the weight must then be changed 
until the needle shows a proper deflection. When the needle points to 0.5 
or to 1 a heavier weight must be used. When the weights used are 7.5, 10, or 
15, the deflection must be not greater than 4, or at the most 5; when the 
deflection is greater than this a lighter weight must be used. Deflections of 
from 2 to 4 mm give the most satisfactory results. The examination is made 
most conveniently when the patient is lying on a bench, or better, on a high 
operating table with his head bent rather backward, so that his eyes look 
directly upward. 

"The eye or eyes are then to be rendered anaesthetic with a drop of a 
2% solution of holocain. The burning that follows the instillation lasts a 
few seconds and as soon as this has passed away the eye is anaesthetic and 
ready for measurement. The patient is directed to look straight upward, 
the examiner carefully separates the lids with one hand without making any 
pressure upon the eyeball, and places the apparatus on the centre of the 
cornea with his other hand. The outer cylinder is then pressed down a 
little, so as to allow the instrument to stand alone and to press with its own 
weight simply upon the eye. The indication of the needle upon the scale is 
then read. The reading is done most easily by an assistant, but the examiner 
can do it himself if the scale is turned toward him. Three measurements 
should be made and an average made of the readings. The diagram indicates 
the number of millimetres of mercury that correspond to the position of the 
needle. The four curves correspond to the weights, 5.5, 7.5, 10, and 15." 

The studies of Schioets have informed us that the intraocular tension 
in the normal eye may vary between 16 and 27 mm of mercury, but the great 
clinical value of the apparatus is due to the fact that it enables us to form 
a judgment as to the actual state of affairs in pathological conditions, espe- 
ciallv when the tension is increased. The use of this instrument should never 
be omitted in any case of increased tension, for it will certainly contribute 
to enlarge our knowledge concerning the nature and course of glaucoma. 

The importance of an exact determination of the intraocular tension may 
be learned from the following case, in which the action of meiotics upon the 
pathologically elevated tension will be demonstrated. The patient is a young 
girl with chronic glaucoma. There is a deep glaucomatous excavation of each 
optic nerve. Iridectomy was performed some time ago on her left eye with 
the result that the tension was reduced almost to normal, but the field of 
vision contracted very rapidly after the operation to the point of fixation. 
The field of vision of the right eye has become greatly contracted in the 
meantime, so the question that we have to decide is whether an operation 
should Ik* performed on this eye, or whether it is not advisable for us to 
confine ourselves for the present to the use of meiotics. To justify such a 
conservative course of treatment a careful clinical observation must be 
made to decide whether meiotics are able to reduce the pathological pressure 
to normal and to keep it at its proper level. 

We begin the examination with the instillation of a drop of holocain in 
each eve, determine the tension before the instillation of eserin, and then 
ascertain how the tension is influenced bv the meiotic. The result of this 
experiment is shown in the following curve. 
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Fig. 186.— Influence Exerted by Eserin upon the Tension of a Glaucomatous Eye. 



204. The Detection of Simulation 



It sometimes happens that patients make incorrect statements in the 
functional tests of their eyes. When we have to deal with such patients 
we must first determine the exact condition objectively and then the lack 
of harmony between the result of the functional test and the objective 
condition may lead us to* suspect simulation. We have first to decide whether 
the patient is trying to simulate a disease, or a functional disturbance of the 
eye, and then take measures accordingly. 

The first group of malingerers who simulate diseases of the eye may be 
dealt with quite briefly. It often happens that a person who has been hurt 
rubs his injured eye with his finger, or with a cloth, before he comes to the 
clinic, in order to simulate a greater degree of irritation. Others produce 
a conjunctivitis artificially by placing foreign bodies, such as dust, ashes, 
snuff, gypsum, or meal, in the conjunctival sac. Even such strong irritants 
as soap suds and tobacco juice, and even such caustics as nitrate of silver, 
corrosive sublimate and sulphate of copper are used for this purpose. When 
we suspect a conjunctivitis to be artificial we examine the secretion in the 
usual manner. The greatest change in the conjunctiva ordinarily is to be 
found only on the lower lid, because this portion is the most accessible to 
the laity. 

This traumatic irritation of the conjunctiva is caused to disappear most 
quickly when we apply a firm dressing under a bandage, a form of treatment 
exactly opposite to that which we ordinarily use. Self mutilations of the 
cornea and lens we do not meet with in this connection, but a favorite 
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method of simulating disturbances of the pupil and accommodation is to 
instil atropin. In these cases also the isolation of the patient and the 
application of a firm dressing reveal the true state of the case very soon 
through the passing off of the mydriasis. A simulated error of refraction, 
particularly nearsightedness, is detected immediately by skiascopy, or by the 
examination of the upright image with the ophthalmoscope. School children 
are particularly apt to simulate myopia to make themselves interesting. 

Diseases of the lids may be simulated in cases of accident. Blepharospasm 
especially is apt to be exaggerated, and a ptosis is occasionally simulated. 
Many patients complain that an eye that has been injured still lacry mates 
and is photophobic when it is perfectly pale. As we must in no case be 
unjust to the patient it is well to keep such an eye in a dark room for a long 
time and then bring it into the light. Eyes that are still sensitive after an 
injury are apt to redden and lacrymate under such circumstances, even 
though they are ordinarily pale. 

Patients sometimes complain that after the iifjury of one eye the vision 
of the other is bad. This may be the case when the second eye was not used 
before the injury in consequence of some error of refraction, and is then 
forced to work, perhaps with a glass to which it is not accustomed. It is 
not difficult to bring out the actual facts in all of the examples that have 
been mentioned in which pathological conditions are exaggerated, or 
simulated. 

The simulation and aggravation of functional disturbances is of more 
interest. The most important forms met with in practice are: 

1. Simulation of blindness of both eyes. 

2. Simulation of blindness or of amblyopia of one eye. 
8. Simulation of amblyopia of both eyes. 

L Simulation of Blindness of Both Eyes 

The reflex reaction of the pupil to light is first tested. A prompt 
reaction in both eyes cannot of itself prove the alleged blindness of both to 
be simulated, for the pupillary reaction may be preserved when the visual 
centres in the occipital lobes have been destroyed, out cases of this nature 
are rare and they are characterized by other symptoms. A prompt reaction 
of the pupils to light in a man who is otherwise well, but claims to be blind 
in both eyes must arouse the suspicion that he is simulating. On the other 
hand a bilateral absence of the reaction to light in no way indicates double 
amaurosis. I need only to refer to the reflex immobility of the pupil in the 
early stages of tabes. We simply take a patient who simulates blindness of 
both eves into the clinic for some time and observe his entire behavior, for it 
is impossible for one who sees to counterfeit continuously the actions of a 
man who is truly blind. If we bandage his eyes the simulation will be dis- 
closed very soon, because he will move about in a manner entirely different 
from that in which he moves when he is using his eyes, and if we -tell him 
that the condition will improve under this treatment it is not apt to be long 
before improvement takes place. 

IL Simulation of Blindness of One Eye 

Blindness of one eve is simulated more often than total blindness. In 
such a case likewise we usually find the test of the reaction to light to be 
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decisive. When an eye that is alleged to be blind shows a direct reaction 
of the pupil to light we know that it is sensitive to light, for those cases in 
which a direct reaction is present in spite of unilateral amaurosis are so 
extremely rare that they scarcely need to be taken into account. 

If the pupillary reaction is good and suggests simulation we test the 
fixation of the eye that is said to be blind. For this purpose we may ask 
the patient, as suggested by Schmidt-Rimpler, to hold out his finger and to 
direct his eye at it. The blind man does this because he knows by feeling 
the position of his hand, especially if the examiner presses upon it a little 
with his finger, but the malingerer is very apt to look in some other direction, 
and this brings to light his insincerity. 

We can also use the following test with a prism to determine absolutely 
whether the eye can fix. We cover the good eye and ask the patient to look 
straight ahead toward a candle with the one that is said to be blind; then 
we suddenly place a strong prism with its base up or down in front of the 
eye. The image of the object of fixation is thereby displaced toward the apex 
of the prism, and if the eye is a seeing one it immediately makes a correspond- 
ing reflex movement, which proves that it sees and fixes. 

We can also demonstrate binocular fixation in such cases by the method 
suggested by Alfred Graefe. We let the patient look quietly at a light with 
both eyes and then place a prism with its base in or out in front of the one 
that is said to be blind. The double images caused in this way excite fusion 
at once and the eye immediately makes a corresponding movement of adjust- 
ment toward the apex of the prism. If the eye performs this movement and 
returns to its original position when the prism is taken away it both sees and 
fixes. This movement of adjustment will not take place if the eye is ambly- 
opic. Another method of testing binocular vision is to bring an object close 
to the eyes in the middle line ; if one eye is blind or amblyopic it soon deviates 
outward; then if we cover the fixing eye and the deviating eye makes a 
movement of adjustment we know that it can see. 

It is a very good idea to place a prism with its base up or down before 
the eye that is said to be defective, when the case is suspected to be one of 
simulation of amaurosis or of a high degree of amblyopia of one eye, and have 
the man walk downstairs; if he is simulating he will have difficulty because 
of the double images he sees. 

IH Simulation of Amblyopia of One or Both Eyes 

A higher or lower degree of amblyopia is simulated more often than total 
blindness of one or both eyes. When the simulation is that of amblyopia of 
one eye we use tests in which we deceive the patient as to whether he is 
looking at the object with his good eye, or with the one that is alleged to 
be amblyopic. These tests can also be used in cases of simulated blindness 
of one eye. Under ordinary conditions we are unable to tell what we perceive 
with the right eye and what with the left. Our binocular estimate of depth 
depends on the blending of different sorts of visual impressions. This is 
shown most easily by looking at a reflecting, lustrous object; it is impossible 
to say for which eye a certain place looks bright or dark. There is, however, 
one precondition necessary to success in catching malingerers by this method : 
the eye that is said to be amblyopic must have equally as good vision as the 
other, for otherwise the malingerer notices the sharpness of the images that 
correspond to each eye. When the vision of one eye is actually not as good 



850 



SIMTI.ATIUN OF AMBLYOPIA OF ONE EYE 



as that of the other the vision of the bitter may be made worse so 
correspond with that of the former by the interposition of smoky 
glasses. The following tests may be made systematically one after the 

First we take a visual impression of one and then of the other eye. 
Wendy's modification of Herter's test is to place two candles in the dark 
room, one of which is made to appear red and the other green by the inter- 
position of glasses; then the light from the red and then the green candh 
thrown by a plane mirror without regularity into the one eye and into 
■other, and the patient is directed to state which color he sees. Next 
ascertain whether the eye that is said to be bad has light perception by 
use of the double images produced by prisms, in the way suggested 
Alfred Graefe. We hold a square prism of 12° with its apex down in fr 
of the good eye in such a way that its base crosses the centre of the pu[ 
horizontally and so causes monocular diplopia, the upper image of which 
corresponds to the true position of the light, while the lower is produced 
by the deviating action of the prism. The patient has to admit that he sees 
double wilh his good eye. Now we move the prism up so as to entirely cover 
the good eye and the patient continues to see double, the lower image produced 
by the prism remains in the same place, while the upper image, which pre- 
viously was seen by both eyes is seen now by the second eye alone; hence 
the patient continues to see double he must see with the eye that is 
to be had. 

In order to determine accurately the degree of vision present in thi 
in which amblyopia is simulated we occasionally render the test object mvisi 
to one eye through the interposition of glasses. For this purpose we 
tests in which the patient is deceived as to the size of the test object. Fi 
example we may use test charts on one of which all the lines of letters are 
one number smaller than on the other; or we may have him read from types 
which we remove farther and farther from him, continually substituting largir 
ones, and we can often prove in this way that he has been able to pereeri 
much smaller characters than the smallest that he claimed to be l" 
on the test chart at the same distance. 

One test by means of which many malingerers are detected is to ha' 
the patient read the characters on the test chart at the distance of 3 metrca 
if he cannot read below a certain line he is caused to hold the test chart in front 
of his chest, is placed in front of a mirror at the distance of ft 1 /* metn 
and told to read the characters in the mirror at half the original distant 
Of course the distance of the test is still 5 metres, in consequence of the reflect ii 
in the mirror, hut mnnv malingerers who do not know this read twice 
many line.. 

Another way in which we can frequently ascertain the degree of vis 1 
acuity of the eye which is alleged to he bad is to place a convex glass of I 
or 4 dioptres in front of the good eye, if it is known to be emmetropic, whi 
the patient is looking at the ordinary test types, i.e., looking at a dista 
This impairs the vision of that eye so that it can no longer perceive i 
the largest letters. If, in spite of this, the patient reads several rows I 
must be able to see them with the eye that is said to be bad. In tcstinj 
near vision we place inversely a concave glass before the good eye that is i 
strong that it cannot be overcome by the accommodation: the reading m 
then be done with the eye that is said to be bad. 

The interposition of cylindrical glasses, as suggested by JaektOH, U ■ 
more successful. We place a plane glass before the eye that is said to I 
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bad, and before the good one a combination composed of a concave and a 
convex cylinder of the same strength with their axes in the same direction, 
so that the effect is that of a plane glass. The patient finds that he can 
see very well at a distance with these glasses. Now we busy ourselves with 
testing the alleged bad eye with glasses and manage to rotate one of the 
two cylinders about 90° without attracting the attention of the patient; in 
this way the image will be so distorted that the good eye is excluded from 
the act of vision. If the patient continues to read he must do it with the 
eye that he claimed was bad. 

The test object may also be made invisible to one eye by the use of 
colored glasses. Colored glasses allow only a certain part of the colors of 
the spectrum to pass through them and obliterate the rest, so Haselberg con- 
structed test types printed in colors for this purpose. Each letter is so 
composed of black and red that the black part forms a complete letter and 
the red piece added changes the letter to another one, e.g., a P to a B or an 
R, so that the letters appear to be one or the other as they are seen through 
a green or a red glass. We place the red glass before the good eye, the 
green glass before the other, and then if the patient reads the complete letters 
we know that he is malingering and proceed at once to determine the visual 
acuity of the eye that is said to be bad. 

The same principle may be carried out in another way. We may write 
the name of the patient wrongly with red crayon on white paper, place a 
red glass before his good eye, a green glass before his other and ask him 
if that is the right way to write his name. The red glass obliterates the 
"writing with red crayon, so if the patient reads the name he is convicted 
-of simulation. 

It is seldom necessary to render the good eye incapable of doing near 
^rork by means of atropin, but when this has been done, if the patient is 
still able to read print at the proper distance he can do so only with the eye 
^fchat is said to be bad. 

The test recommended by J aval is simpler. If while the patient is reading 

-», pencil is held between his eyes and the book, not too close to either, it will 

cover different portions of the print for the two eyes, but all the letters can 

fc>e read because one eye sees those that the other does not, so if the malingerer 

x*eads the entire line he must do it with the aid of both eyes. The stereoscope 

Xnay also be used to detect simulated blindness and amblyopia of one eye, 

t>ecause two different images are blended together by it. Instruments have 

«lso been devised which by a decussation of the visual lines render objects 

*sn the left side visible only to the right eye, and those on the right only to 

^the left. The malingerer thinks he sees objects on the right side with his 

^•ight eye and those on the left with the left, so he suppresses the image seen 

^vrith his good eye and betrays himself by doing so. Such a crossing of the 

"visual lines is obtained by Graham's tubes, modified by Koster. Worth's 

-eunblyoscope may also be used for this purpose. 

IV. Simulation of Amblyopia of Both Eyes 

The most difficult cases of simulation to detect are those in which there 
is reason to suppose that the vision of both eyes is impaired, but that the 
visual disturbance is exaggerated. The objective condition is primarily 
decisive, so we choose from the tests that have been described the ones that 
seem to be the most suitable for the case. 
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V. Simulation of Disturbances in the Field of Vision 

Malingerers are very apt to simulate defects in the field of vision as well 
as impairments of the vision itself. If we test such a person with the 
perimeter we usually obtain a very small visual field. The imposition can be 
detected very readily by testing the field at various distances, as recommended 
by Schmidt-Rimpler. We place the patient beside Hirgchberg's table and 
ascertain the limits of the field of vision at different numbers of metres and 
then the extent of the field of vision must be proportional to the distance in 
each case. But the malingerer is very apt to state that the field remains 
of the same size, or that it grows smaller as the distance increases. Most 
cases of simulation may be unmasked by this test. It fails only in the con- 
centric contractions of the field in hysteria and traumatic neurosis, because 
in such cases the tubular forin of the visual field is maintained even in this 
campimetric measurement. Traumatic hysteria and neurosis play an im- 
portant part in accident cases, so that frequently we are obliged to recom 1 
mend an examination by a neurologist. 



APPENDIX 

Asthenopia 9 or Eye Strain 

By Matthias Lanckton Foster, M.D. 

The great majority of patients, in this country at least, who seek the 
ophthalmologist complain of one or more of the symptoms that are loosely 
grouped together under either the term asthenopia or, one that is perhaps 
more accurately descriptive, eye strain. These symptoms are headache, a 
strained feeling in and above the eyes, which sometimes augments to severe 
pain, fatigue, burning and smarting of the eyes, blurring of the vision, bleph- 
arospasm, lacrymation, photophobia, nausea, vomiting, vertigo, less often 
insomnia, mental depression, nervous prostration, and, according to some 
writers, such reflex disturbances of the nervous system as chorea and epilepsy. 
They can hardly be said to form a symptom complex, because few if any 
patients present all or even a majority of them, and the presence of several 
is not necessary to the diagnosis. It often happens that persistent headache 
is the only one complained of, and that the patient has been referred to the 
ophthalmologist by a physician who has exhausted all the means at his disposal 
in a vain effort to locate its cause. Other patients present two or more 
symptoms combined in an endless variety of ways. The enthusiasm with which 
we have pursued the study of this subject has been a matter of ridicule in 
other countries, and it is very likely that we have made errors; but, if it is 
true that the commonest affections should receive the greatest amount of 
attention, we can console ourselves with the reflection that in this respect 
at least we have done right ; that we have demonstrated and tried to overcome 
the difficulties which beset the path of anyone who deals with eye strain, and 
that the sufferings of many human beings have been mitigated or permanently 
relieved as the result of our efforts. Many questions are still unsolved and 
form subjects of lively debate. Advance in medicine has always been made 
through the efforts of such enthusiasts as those who maintain one side or the 
other in this wordy warfare; it is due to the study of such as they that we 
know far better how to relieve asthenopic symptoms than we did a generation 
ago, and it is to them we look for further progress in the future. Into these 
questions I shall not enter. 

The first essential to success in handling the ever varying problems that 
confront us is accurate observation of the mechanical conditions with which 
we have to deal ; the second is the careful elimination of such mechanical faults 
as are physiologically compensated for and may therefore be termed in a 
sense physiological. 

Three forms of asthenopia are ordinarily recognized: accommodative, due 
to errors of refraction and to strain of the ciliary muscle; muscular, due to 
an abnormal strain of the extrinsic muscles of the eye ; nervous, due to a fault 
in the nervous system. To these I am inclined to add a fourth: reflex, due 
to a morbid condition in the organism outside of the eye and nervous system. 
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Asthenopia Due to Errors of Refraction 

One of the most difficult things to understand in the study of the effec 
of errors of refraction upon the human organism is the widely varying results 
produced by the same error upon different individuals. Most eyes are very 
tolerant; most people have demonstrable errors of refraction of which they 
are unconscious; many of those who become conscious of such errors remain 
comfortable when the spectacle frames are bent, when a spherical glat 
tilted so as to produce an astigmatic effect, or when the axis of a cylindrical 
lens is altered several degrees, and patients with such tolerant eyes obtain 
satisfaction from anything like a fair approximation toward their true < 
rection. This fact has had great weight in perpetuating the idea that i 
curacy in the fitting of glasses is not of such great importance after all. I 
many eyes, few in comparison to the great total yet many in number, 
intolerant to even a very slight error of refraction, or to a little variation of 
the correcting lens from its proper position. Patients with such eyes are 
apt to complain of headache not associated with any symptoms wh 
be termed distinctly ocular, can be persuaded with difficulty to have their 
eyes examined at all, and yet are often completely relieved by a very weak 
glass, especially if the error is astigmatic. Such a case was that of ai 
telligent, successful business man who came to me with the positive statement 
that he had never had any trouble with his eyes and knew there was nothing 
the matter with them, but had come to have them examined purely to satisfy 
his physician. For several years his headache had been so bad in the morn- 
ing that he could not dress without lying down two or three times to rest his 
head. After breakfast it became rather better, so that he could attend to his 
business all day, although it was always present. In the evening he would 
retire to a dark, quiet corner and sit there till bedtime. I prescribed -(-.25 cyl. 
axis 90° for each eye. Two days later his wife and family called to thank 
me for the first evening's social pleasure with the husband and father they 
had enjoyed for two years. A month later he told roe he had not had a head- 
ache since he began to wear the glasses. From the reports of his physician I 
have reason to believe that the relief was permanent. The only symptoms 
presented by this patient were headache, seemingly not connected with the eyes, 
and perhaps a slight degree of photophobia, evidenced by his desire to sit in 
a dark place during the evening. Other patients have symptoms that apper- 
tain more distinctly to the eyes. The only way in which such minute errors 
of refraction can be excluded as the cause of the asthenopia in any particular 
case is by having the patient wear the correction for a while; if it is nol 
the cause the glasses will lie abandoned quickly because of the incident; 
annoyances. 

Accuracy in the determination of the error of refraction can be attained 
in many cases cither with or without a cycloplegi'c, in some it cannot be 
cured without, and in a comparatively few the results obtained under a cy- 
cloplcgic are misleading, hut in every case painstaking effort on the part of 
the physician is essential. The glasses must be worn while the eye is i 
normal state of physiological activity and no way has yet been discovered by 
means of which to measure that activity in an objective manner in the in- 
dividual eye, so that it may be fitted scientifically without asking the patient 
any questions. Until such a way has been found the subjective test must re- 
main the court of last resort, for by it alone can we determine how far and in 
what way to modify the glasses indicated by the objective examination. 
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The first examination should always be made without a cycloplegic. We 
est the vision of each eye separately, and thereby gain much information, 
.s has been shown in the text. We learn from the ophthalmometer the corneal 
.stigmatism, though not the total, and the probable axis of the correcting 
ylindrical glass, and a glance into the eye with the ophthalmoscope gives us 
. fair idea of the nature of the refractive error. Now we know, almost with 
ertainty, whether the eye is hypermetropic or myopic, whether much astig- 
latism is present and, if it is, about its degree and axis. Little if anything 
lore can be learned from skiascopy without a cycloplegic, for at best it 
ives us only an approximate idea of the refractive condition, because of the 
ctivity of the ciliary muscle, and at worst it is confusing. The information 
re have thus obtained reduces the choice of glasses to a very few combina- 
ions. If, for example, the vision of the eye is 6/7.5 the corneal astigmatism 
50 D with the rule, and the ophthalmoscope reveals about 2 D of hyper-* 
letropia, we may rest assured that we have the right glass if the vision is 
rought up to 6/6 or better by a +1 D or a +1.50 D spherical with or 
rithout the addition of a very weak cylindrical, and the patient is made com- 
ortable by that correction. But if perfect vision can be obtained only with 
he aid of a concave glass, i.e., if the subjective test does not agree with the 
bjective findings, we have positive evidence that too strong an innervation 
? sent to the ciliary muscle and that the use of a cycloplegic is necessary to 
o away with its abnormal contraction and to allow us to measure the re- 
raction of the eye with the accommodation eliminated. When dealing with 
. child I usually prescribe a cycloplegic immediately after the preliminary 
xamination, because the objective test is almost certain to be vitiated by the 
nergetic contraction of the ciliary muscle and the subjective is apt to be 
nsatisfactory. 

We must remember in the subjective test not only to choose the strongest 
}- glass in hypermetropia and the weakest — in myopia with which the best 
ision can be obtained, but also to ascertain whether any further improve- 
lent can be obtained by the addition of a very weak cylindrical lens at any 
jcis. This is not being finical, it is simply being accurate in observation. 
Lfter each eye has been examined the glasses are adjusted so that each eye 
rill see through the centre of the correcting lens and both are tested to- 
other. The patient is directed to use his eyes and to state whether the glasses 
lake them and his head feel more comfortable or not. The comfort may 
ometimes be made perfect by a slight change in the strength of the spherical, 
r in the axis of the cylindrical glasses. In hypermetropia the strength of 
he spherical occasionally needs to be increased a little, but it happens in 
are cases that the full correction of the manifest hypermetropia cannot be 
rorn with comfort. Thus, a woman who obtained the best vision of each eye, 
!0/15, with a + 1 D glass was unable to wear anything stronger than +.50 D 
rith comfort. I could not discover the reason, though several examinations 
rere made in the course of two or three months. 

When the glasses selected in this way do not correspond with the objective 
Indings, or when they are not comfortable, a cycloplegic should be prescribed, 
a the first case because it is evident that the measurement of the refractive 
rror has not been accurate, in the second because either the measurement is 
ncorrect or the asthenopia depends on some other cause, and the chance of 
i mistake must be guarded against. Many good refractionists believe that 
he use of a drug to paralyze the accommodation is essential in all cases if 
ye would measure the refraction accurately. They would be right if no source 
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cf error were introduced hy eyelopiegin, which is physiologically and func 
tionally an abnormal condition of the eye, and if the asthenopic symptom 
could not he relieved otherwise, but a glass can hardly be pronounced inco 
net that corresponds to the objective condition of the refraction deteruua 
in the manner described and gives relief to the subjective symptoms. I hav 
repeatedly used cyclopegics for a further test of such patients and found the 
of no value whatever, while I lmve found them of great value when tin- nib 
jective did not agree witli the objective test, or when the glasses did not gii 
relief. A point which seems to be of importance in this connection is tha 
the astigmatism is not always the same, either in degree or axis, when th 
t've is under the influence of a cvcloplegic as it is when the organ is phvsi 
ologically active, in the condition in which it is to he used, and it is tl 
astigmatism in the latter condition that needs particularly to be rectified. 

A point worth noting is that if the symptoms disappear when the ciliai 
muscles are paralyzed, the probability is increased that the asthenopia is du 
to an error of refraction. 

It is when the eye is under the influence of a cvcloplegic, not simply ' 
mydriatic, that skiascopy performs its perfect work. Then the refractioi 
can be measured with absolute accuracy by means of the skiascope down 1 
.12 D of hypermctropia, myopia* and astigmatism, while the axis of the co 
reeling cylindrical lens can be determined positively. In this country we u* 
the plane mirror in preference to the concave, so the movements of the shadow 
to which we are accustomed are in exactly opposite directions to those giver 
in the text. The movement is with the light on the face in hypermetropia 
emmetropia, and myopia, with the point of reversal behind the observer; in the 
opposite direction in myopia, with the point of reversal in front of him. Thi 
is because the rays of light are reflected from the plane mirror as thougl 
they came from a point as far back of the mirror as the source of light is 
front of it. When the light coming from the pupil seems to move in the 
same direction as the movement of the mirror the observer is between tlu 
eye and the point of reversal, and a plus lens is to be found which will stop 
all apparent movement when it is placed in front of the eye. The rays o 
light which emerge from an eye that is emmetropic under this condition are 
parallel and will be made to converge to a point 1 metre distant by the in 
terposition of a +1 D glass, so if the observer keeps his eye 1 metre from 
that of the patient he needs only to subtract +1 D from the number of the 
glass needed to suppress all apparent movement of the light in the pupil to 
learn the true refraction. This is exemplified in the text. To measure the 
astigmatism we ordinarily use spherical glasses, determine the refraction in 
one meridian and then in the opposite. The presence of astigmatism in 
the eye may be recognized from the presence of a bright band a< 
the pupil, which may be seen at once if the astigmatic error is greater than 
any other, but is not apt to he noticed otherwise until after a spherical glass 
of sufficient strength to render the astigmatic error the greater Euu bea 
placed before the eye. The axis of the astigmatism is indicated by this banc 
and may be determined accurately by means of the axonometer, devised by 
Thorington, which consists of a black metal disc as large as an ordinary tri 
lens, with an aperture 12 mm in diameter in its centre and two heavy white 
lines, one on each side, that pass from the circumference across to the open- 
ing in the centre so as to bisect the disc. The axonometer is placed in I" 
trial frame so that the cornea occupies the central opening and is tvirr 
slowly during the examination until the band of light joins the two ends ol 
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the two white lines so as to form one straight line. The arrow head at the 
end of the white line points to a degree mark on the trial frame which gives 
the axis of the correcting glass. 

Regular astigmatism of all varieties may be measured readily and ac- 
curately in this way. Irregular astigmatism, whatever its cause, presents 
many difficulties; the only practical way to deal with it is to apply the gen- 
eral principles of skiascopy as well as we can to each individual case. A 
curious phenomenon sometimes seen is the scissors movement of two bands of 
light which approach and separate as the mirror is moved back and forth in 
a certain meridian. It indicates a form of irregular astigmatism in which 
the refraction in a certain meridian differs in one portion of the pupil from 
what it is in another, and is caused by an obliquity of one or more of the 
dioptric surfaces, usually of the crystalline lens. It may be obtained from 
most eyes by casting the light with the skiascope so that it will enter the pupil 
at a considerable angle to the optic axis, and from the artificial eye of the 
manikin by placing the lens that represents the dioptric surfaces so that the 
light will pass through it obliquely. 

A phenomenon that is apt to be confusing to the student is the spherical 
aberration induced by rays of light which pass through the peripheral por- 
tions of the cornea and lens. This may be either positive or negative. In 
positive aberration the peripheral refraction is stronger than the central, i.e., 
"the rays of light that enter the pupil through the periphery are brought to 
*a focus sooner than those that enter through the centre; in negative aber- 
xation the central refraction is the stronger. When we measure the refraction 
of the eye the play of light and shade in the peripheral portion of the dilated 
j>upil has to be disregarded, for these peripheral rays of light are intercepted 
fcy the iris under normal conditions, and we have to concentrate our attention 
on what takes place in the centre, because that portion alone is to be taken 
into account which comprises the visual zone when the pupil is of normal size. 
-Although the expert can disregard these aberrant rays to a very great degree 
"fchey form a possible source of error which needs to be guarded against by a 
2>ostcycloplegic examination. A high degree of negative aberration suggests 
""the presence of conical cornea. 

After the refraction under a cycloplegic has been measured with the ski- 
*escope the findings should be compared with the results of the first examina- 
tion and the variations noted. If the only difference is a slight increase of 
"the hypermetropia, no more than would normally be rendered latent by the 
^natural tonic contraction of the ciliary muscle, taking into account the age 
~»nd general physical condition of the patient, and if the subjective symptoms 
^rere not relieved by the glasses found on the first examination, it is almost 
^sertain that the asthenopia does not depend on the error of refraction, but 
is due to some other cause. If other differences are present, such as a large 
increase of the hypermetropia, or a variation in the astigmatism, a final ex- 
amination should be made some days later, after all traces of the cycloplegic 
iiave vanished from the eyes. The skiascopic findings may be proven correct 
^Df the cycloplegic eye, but it does not necessarily follow that they are correct 
^>f the eye in its physiologically normal condition, that in which it is to be 
Xased. For example, the astigmatism may be quite different after the mydriasis 
lias passed away, possibly because of the influence exerted by the aberrant 
*ays when the pupil is dilated, possibly because of other reasons. This is not 
"the case, as a rule, but the possibility must be borne in mind. The skiascopic 
are usually of essential value in the final choice of glasses, but, like 
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ttiL' other objective findings, they do not furnish all the needed in forma tk 
We have ?-t ill 1" learn in how far mid in what way tlie refractive conditio 
we have demonstrated objectively is modified by the physiological activ 
the ciliary muscle and the exclusion of the peripheral rays of light by tin 
normally contracted pupil. 

To do Mil. we place before the eyes the glasses suggested as probal 
reet by the skiascope examination and change them in the interest ■ 
and comfort until the most satisfactory combination has been obtained. It ii 
"•'II ti> try each eye separately and then both together, though it is rarelv that 
any change will be called for in the latter test. Sometimes the axes of tin* 
cylindrical glasses need to be altered a little, and then it may be well to ex- 
amine for cycluphoria, in order that if it is present we may adjust the cylin- 
drical glasses to meet its indications its well as to correct the astigmatism. 

The principal source of the perplexities that arise during an examination 
of the eyes for glasses is the behavior of the ciliary muscle, which may render 
latent a larger portion of the total hypcrmetropia than corresponds 
normal tonicity, even to such an extent as to simulate myopia. The muscK 
usually relaxes sufficiently during an examination of the upright image with 
the ophthalmoscope to enable us to recognize with what we have to deal, but 
in rare cases we meet with a true spasm of the accommodation in which no 
such relaxation takes place. Such a spasm is usually obstinate and rarelv 
yields to anything weaker than atropin. Even this drug seems ineflicient at 
times. I have seen an apparent myopia persist in the eyes of a young man 
in spite of the constant use of atropin from June until September, and then 
pass off, leaving emmetropia. In this case I could detect no imbalance of 
the muscles, and was led to persist in the use of atropin because, although he 
seemed to he nearsighted when indoors, he could sec a golf ball in its flight. 
In another ease in which myopia persisted in spite of atropin the young man 
had about S,f : of hyperphoria and the myopia disappeared after I had per- 
formed a partial tenotomy on his superior rectus in the hope of stopping t 
headaches. Two weeks later the muscular imbalance was the same as befort 
operation, but was no longer productive of symptoms. The causes that pro- 
duce these rare cases of true spasm of the accommodation are not yet known; 
the evidence is too insufficient and faulty for us to ascribe them offhand to 
mechanical faults in the extrinsic muscles or elsewhere. Other surprises await 
us. Om- thing is certain. Difficult problems are apt to arise which cannot 
lie solved quickly and easily as long as we bear in mind the fact that the glasses 
are to be worn in front of eyes that are in the active condition in which Nature 
intended them to be used, and that they are also to repress abnormal activities 
in those organs, although glasses can he fitted in the majority of casts with 
little trouble. Each case must be studied individually, and then we find that 
in some the asthenopia is not due wholly, if indeed at all, to the error of 
refraction. 

Asthenopia Due to Imbalance of the Extrinsic Muscles of the Eye 

In a fairly large minority of the cases the symptoms depend on other 
causes, foremost among which is imbalance of the extrinsic muscles of the eye. 
One point needs to be made clear, that the presence of muscular imbalance is 
not per se any reason for intervention. Its presence can be detsOMtrated i 
very many persons who have no symptoms of asthenopia, and also in munti 
who law aitliCNopia f ron othf^^BK- 1" * ucn cases the imbalance most I 
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compensated for physiologically, or, as Professor Hoemer terms it, must be 
physiological, or else it is itself a symptom of some other abnormal condition, 
when attention should he paid to the underlying cause. 

When we have a patient who complains of persistent headache, or of any 
other of the symptoms enumerated as asthenopie, in whom we can find no 
error of refraction, or in whom the symptoms have not been relieved by cor- 
rect glasses accurately adjusted and properly worn, an investigation of the 
muscular condition of his eyes is imperatively demanded. Time can be saved 
by making such an examination as a routine procedure in all cases, for occa- 
sionally the probability that the symptoms are caused by faulty muscular 
action is rendered evident at once, and sometimes the behavior of the muscles 
directs attention to the general condition and leads to an early recognition of 
a morbid condition elsewhere. It must be remembered that in very many cases 
we arc dealing with tendencies to incoordination, with ocular symptoms of 
unbalanced nerve action, rather than with demonstrable lesions of the mus- 
cular or nervous system, and therefore that every condition of the organism 
which may disturb the nervous equilibrium, whether in the eye or not, is to be 
investigated and its bearing upon the individual case studied. An imbalance 
of the muscles frequently passes away, or is physiologically compensated for, 
when the glasses that correct an error of refraction are constantly worn, and 
it is well known that both mental and physical factors affect the nervous 
equilibrium and thereby the balance of the muscles; in such cases the hete- 
rophorias are symptomatic. But after all these cases have been excluded 
there remains a goodly number in which the imbalance is not symptomatic and 
not compensated for, but is a primary condition productive of trouble that 
needs correction. 

The tests for imbalance of the ocular muscles may be grouped in three 
classes: 1, Those in which one image is displaced; 2, those in which one image 
is distorted; 3, those in which the image is neither displaced nor distorted. 
The prism test, first suggested by v. Graefe. is an example of the first class. 
This test can be made roughly and clumsily by holding the prisms in the 
fingers, but much more accurately, conveniently and quickly by the aid of the 
phorometer, which was devised by Stevens. This instrument consists of a 
base and upright rod to which is attached at right angles an arm furnished with 
a screw and spirit level by means of which it can be kept perfectly horizontal. 
Upon this arm is placed a frame containing a pair of 5^ prisms which can 
be rotated together by means of a lever. The instrument is placed before the 
patient so that he looks with each eye through one of the prisms at a small 
light G metres distant. If we place one prism with its base up and the other 
with its base down the patient will see two images of the light, one vertically 
above the other, if he has hinocular single vision and no tendency of the eyes 
to swing in or out; if the upper image is to the right or left of the lower a 
condition of exophoria or esophoi-ia is present, and the deviation can be meas- 
ured by the strength of the prism needed to bring it directly over the other. 
The strength of the prism needed to do this is found by rotating the prisms 
one way or the other until the images are in a vertical line, when the degree 
of exophoria or esophoria can be read from the attached scale. The amount 
of right or left hyperphoria is learned in the same way when the prisms are 
placed with their bases in. 

The Maddax rod test is an example of the second class, the cover test of the 
third ; both of these have already been described. But the cover test has an ad- 
vantage that has not been mentioned — it is of subjective as well as objective 
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value. If the patient has orthophoria he will sec no movement of the obji 
fixation when the screen is moved because both of his visual axes remain directed 
at the same point when one eye is covered, but if he has heterophoria the object 
will seem to move, because the patient's eye has moved to regain the paritno 
of h\;itiun. After a few trials an intelligent patient can describe accurately 
the direction and extent of this apparent movement. If it seems to be in the 
same horizontal direction as that of the screen he has exophoria, if in the 
opposite direction he has esophoria; if it seems to move downward when the 
right eye is uncovered, right hyperphoria is present ; if it seems to move up- 
ward, the case is one of left hyperphoria. This apparent movement mav he 
controlled by prisms and be measured exactly by them, as the degree nf prism 
that stops the apparent movement measures the heterophoria. Some writers 
call this the parallax test to distinguish it as subjective from the objectiv 
observation of the eyes themselves, to which they refer as the cov. 
this distinction is hardly necessary, as we should note both the subjective 
objective findings in such a test as this. The third class of tests seems to 
tbe Btovi trustworthy, hut the others have strong advocates. All three can 
used to advantage in many cases and the findings may be checked off against 
one another. The continual use of the prism test at least is able to trainc 
patients to reveal errors of muscle balance that do not exist. Some years ago^- 
I had a patient who had been examined with the prism test a great many times- 
by a large number of physicians and could develop at will 1.5 of exophoria^. 
or 15° of esophoria. The cover test revealed no movement of the eyes anJL 
no subjective movement of the object, so reliance on the prism test would have- 
been misleading. This was an extreme case of the results that may be reached- 
by too much training with prisms, but less marked ones are not so very un- 
common and, unless they can be checked off in some way, the physician mat — 
be misled. 

I think the duction test to be a very important one. By it we determine — 
the ability of the muscles to overcome prisms with their bases out, in, up,. 
and down, in other words, to adduct, abduct and sursumduet the eyes. The 
patient fixes his eyes on a small light 6 metres away; a square prism, with one- 
edge resting on the arm of a phorometer, is held with its base out in front of 
one of his eyes, and as soon as the double images thus formed have faaed 
is replaced by a stronger one. This is continued until one is reached whi 
the patient is unable to overcome so as to fuse the double images. The strongesl 
prism overcome is the measure of the adduction of his eyes. The abductii 
is learned in the same way when the prisms are held with their bases 
sursurnduction when they are held with their bases up and down. Some wrifen 
call snrsuniduction with the base of the prism down supraduction, with it up 
infraduction. 

Various instruments have been devised to do away with the inconveniences 
of this method of testing, among which may be mentioned Risley's rotary 
prism, and Jackson's rotary prism, hut these seem to me to cause a certaii 
amount of chromatic aberration and prismatic astigmatism which 
desirable. 

The results of these duction tests are often of signal service. For example: 
if the phorometer shows a high degree of heterophoria the duction t 
should reveal a corresponding variation from the normal; if it does not, tl 
heterophoria may be purely functional. Another point is that if the ductini 
power is weak in all directions we are led to suspect a general 
muscular weakness due to some cause outside of the eye. 
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It is well to supplement the information thus obtained by a study of the 
field of fixation by means of the tropometer, another instrument devised by 
Stevens. It consists essentially of a telescope in which an aerial image of the 
cornea is formed near the eye piece, where a graduated scale permits every 
movement of rotation in any direction to be accurately measured. The pa- 
tient places his head in the head rest so that the glabella and the commissure 
of the upper lip are in a vertical line, while his eye is fixed on the centre of 
the object glass, and grasps a wooden mouth piece between his teeth to keep 
his head immovable. He then moves his eye to the fullest possible extent in 
the four principal meridians, while the examiner notes the effect registered on 
the scale by the movement of the cornea. The approximate rotations thus 
obtained are given as: upward 88°, downward 50°, inward 48° to 58°, out- 
ward 48° to 58°. The rotations in all other directions* are accomplished by 
the combined action of the muscles that make these four and can be neglected, 
as a rule. The line which connects these points when they have been found 
maps out the monocular field of fixation of the individual. This field varies 
in different persons according to the powers of their muscles and also ac- 
cording to their attention and effort, so moderate variations from the figures 
given, especially when they are proportionate, do not necessarily indicate any 
abnormality, but any marked variation, particularly if in one direction alone, 
should be carefully noted. 

The perimeter may be substituted for the tropometer when the head of 
the patient is secured in position, as by a mouth piece, and a small electric 
light is moved along the arc as far as it can be fixed by the eye of the pa- 
tient. If the examiner moves his head along the arc with the light he can 
watch the reflection of the latter from the centre of the cornea and notice 
its displacement at the instant the eye can no longer fix the object, and so 
the subjective and objective portions of the test can serve as checks upon 
each other. 

The rotations of the eye determined in this manner are voluntary, those 
obtained otherwise are involuntary, and the results obtained in both ways 
should be studied together if we are to get an accurate knowledge of the be- 
havior of the muscles. 

A final test is for cyclophoria, which has been defined by Savage as the 
tendency of the vertical axes of the eyes to lose their parallelism with the 
median plane of the head. Savage says: "In the interest of binocular single 
vision this parallelism must be maintained by the oblique muscles, except in 
cases of oblique astigmatism. For this purpose there are four conjugate 
innervation brain centres: 1, The sixth conjugate centre sends an impulse 
to the two superior obliques to prevent divergence of the vertical axes when 
the point of view is in the extended median plane of the head, but below the 
extended horizontal plane; 2, the seventh conjugate centre sends an impulse 
to the two inferior obliques to prevent convergence of the vertical axes when 
there is to be cardinal fixation above the horizontal plane; 3, the eighth con- 
jugate centre sends an impulse to the superior oblique of the right eye and the 
inferior oblique of the left to prevent torsion when the point of fixation is 
obliquely up and to the right, or down and to the left ; 4, the ninth conjugate 
centre sends an impulse to the superior oblique of the left eye and the in- 
ferior oblique of the right to prevent torsion when the point of fixation is 
up and to the left, or down and to the right. Under the influence of one or 
another of these conjugate centres parallelism of the vertical axes of the eyes 
with the median plane of the head is maintained, regardless of the direction 



862 CLINOSCOPE 

of the point of fixation. In a normal condition of all the extrinsic ocular 
muscles the obliques accomplish this purpose with ease. When conditions make 
it difficult for the obliques to maintain this parallelism, except when under 
ail excessive nervous tension, there is cyclophoria. Plus cyclophoria means 
that the vertical axes of the eyes have a tendency from the median plane of 
the head; minus cyclophoria is a tendency of these axes toward the median 

P Unc; 

This condition was first described in 1891 under the term "insufficiency 
of the obliques," and the name cyclophoria was suggested later as one that 
would conform to the nomenclature introduced by Stevens. Other names that 
have been used are plus torsion and minus torsion (Maddoj:), plus and minus 
declination (Steven*). The cause of a cyclophoria may be situated in the 
innervation centres, or in the muscles. Its presence can be detected, but it 
cannot be measured by means of a rotary prism if we use a straight line as 
a test object; the two lines seen will converge toward one end or the other 
if cyclophoria is present. It may be detected and measured by such an in- 
strument as the clinoscopc, also devised by Stevens, which consists of two 
hollow tubes, eacli of which has at one end a minute pinhole opening through 
which the eye can look, and at the other end a translucent disc on which is 
drawn a line, in the case of one tube from the centre straight up and in that 
of the other tube straight down. These tubes are so adjusted on a standard 
that they can be placed and maintained in the same horizontal plane which 
is indicated by a spirit level, but from end to end they can be directed hori- 
zontally or up and down. They can be made to converge or diverge to nest 
certain contingencies. The tubes rotate on their long axes and a pointer 
attached to each tube indicates on a scale the extent to which it is rotated* 
The small sight openings are so adjustable that the distance between them 
may be suited to the pupillary distance of different persons. For the ac- 
commodation of those who, on account of any high degree of refractive error, 
cannot see at the distance of the test objects from the eyes, there are clips 
in which refracting glasses may be placed. The tubes are adjusted so that 
the apertures in the eyepieces are placed exactly before the two eyes of the 
patient, that he may see the two lines simultaneously with each. He sees them 
as one straight line if he has no cyclophoria. If the line appears to be bent 
the tubes may be revolved about their long axes until it seems to be straight, 
and then the degree of plus or minus cyclophoria can be read from the 
scale. 

When a condition of heterophoria has not only been found but has been 
established as the probable cause of the asthenopia we have to consider the 
form of treatment which is appropriate to the individual case. When the im- 
balance seems to be due to weakness of one set of muscles, such as the interni 
or extern!, excellent results can frequently be obtained by gymnastic exercises 
of the weak muscles by means of prisms. Some physicians give nerve sedatives 
at the same time to diminish the abnormal contraction of the opponents of 
these muscles during such exercises, aud I think I gain some help from a very 
weak faradic current, one electrode placed on the conjunctiva over the inser- 
tion of the muscle to be treated, the other held in the hand of the patient, but 
the benefit obtained by this use of electricity has been doubted by many oph- 
thalmologists. Such treatment as this, devoted to the strengthening of a weak 
muscle, is frequently advisable even when the heterophoria is not primary, but 
symptomatic of some trouble outside of the eye; it is sometimes of good sug- 
gestive value, but in such a case it should never be allowed to eclipse the need 
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of searching out and if possible doing away with the underlying cause of the 
symptom. 

When no such weakness of one set of muscles can be found, or when the 
attempt to strengthen them has failed, prisms may be prescribed for constant 
wear with their bases toward the muscles whose actions are to be favored. 
Such prisms allow the eyes to assume a position which is one of rest for them, 
and they relieve the symptoms in many cases. As a rule, it is not wise to 
prescribe a prism which will correct the entire heterophoria, it is better to 
give one that wfll allow the eye to assume a position in which the symptoms 
indicative of strain are relieved. It is not right to say that the strain must 
persist as long as the balance of the muscles is not mathematically perfect. 
We know that physiological compensation exists in many men who have mus- 
cular unbalance because the condition is not productive of symptoms, so it 
. is not unscientific to suppose that in other cases a portion of the imbalance 
• is compensated for, although we cannot determine instantly to what extent 
this is true in any particular case. If the correction of any portion of the 
demonstrable hyperphoria, exophoria, or esophoria, gives comfort and relieves 
the symptoms it has induced, this is sufficient. It is best to begin with an: 
undercorrection and to feel our way up until comfort is secured, or the entire 
imbalance has been corrected. We can sometimes secure the desired pris- 
matic effect by decentering the glasses used to correct the refractive error.. 
As many prism degrees of effect can be obtained by decentering a spherical 
lens 10 mm as there are dioptres in the strength of the lens. 

Cyclophoria is to be treated by a suitable adjustment of cylindrical glasses, 
by exercise of the obliques by means of such an instrument as the clinoscope, 
or by rotating cylindrical glasses in front of the eye. The advisability of 
operative intervention is, to say the least, questionable. It has been suggested 
^hat very delicate operations may be performed on the straight muscles to 
correct obstinate cases of this condition, but the suggestion has not yet met 
with general acceptance. One thing, however, seems to be certain: no opera- 
tion should ever be performed on the obliques. 

When all other measures have failed to give relief in heterophoria operative 
intervention is to be considered. The surgeon has to choose between a tenotomy 
of the overactive muscle and an advancement of its antagonist; this choice 
must be made in accordance with the demands of the individual case. The 
aim should be to obtain an undercorrection, but one that will relieve the pa- 
tient. If no relief is obtained by a considerable decrease of the muscular 
^deviation it seems illogical to persist in trying to get an exact balance by means 
operations repeated many times, which sometimes deprive the eyes of the 
of binocular fixation. It is better that the question should be raised 
Again whether the asthenopia is not due to some other cause. 

Asthenopia of Nervous Origin 

The intimate relations that exist between the eye and all other parts of 
"Hie body cannot be emphasized too strongly. The connection between the eye 
And a viscus situated in the abdomen through the nervous, circulatory, and 
lymphatic systems is just as close as that between any other two separate 
organs; the eye reacts to troubles situated in distant parts, and other organs 
Xeact to troubles in the eye. We may have nausea and vomiting caused by 
ocular derangement, and we may have the symptoms of asthenopia produced 
\>j an indiscretion in eating. It is difficult to draw a hard and fast line be- 
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twecn an asthenopia that may be called nervous and one which may be termt 
reflex, for both are symptomatic of trouble in some portion of the organism 
outside of the eye which is productive of nervous irritability. We mav say 
that the asthenopia due to menstrual disorders is nervous, or we may call it 
reflex, and confine the term nervous to those forms which are caused by trouble 
in the nervous system alone. I prefer the latter. A border line condition is 
the asthenopia caused by ana'mia, which is often symptomatic of morbid or- 
ganic conditions, but when the irritation of the nervous system is due priniaril' 
to the impoverished condition of the blood the asthenopia may properly 
called nervous. We meet with this condition frequently in convalc 
arc much debilitated. 

Persons suffering from over work, over worry, and lack of rest, ofl 
■complain of asthenopia. When an energetic hard worker says that he has 
drive himself to work which he previously enjoyed, that he dreads it and 
to continually spur himself on to perform his daily duties, and when such a 
man has asthenopic symptoms that cannot be accounted for by his refractive 
condition, he needs a rest, for he is threatened with a nervous break down 
and the asthenopia is only one of the symptoms of the general nervous irrii 
tion. In such a case the symptoms are of fairly recent date, have been stei 
ily progressive, and can, with a little trouble, be traced to their origin, 
one is very tired a slight incoordination may quite well appear in the ocul 
muscles, 50 the test for muscular imbalance is apt to be unreliable and mi 
leading. 

Nervous asthenopia may be a symptom of a grave nervous disease. Haim 
and lieber report a case in which asthenopia with hyperphoria seems to hi 
been the first symptom of tubes, with the reflex immobility of the pupil 
second. The hyperphoria passed away of itself within a year. It occurs 
neurasthenics, when, for want of something better, we may ascribe 
lack of nerve tone. It is also met with in hysteria. Sometimes the symptoms 
have been supposed to be due to a condition of anesthesia or hypera-sthesia of 
the retina. 

Occasionally asthenopia can be traced directly to smoking tobacco, 
know u gentleman who cannot smoke a single cigar without suffering the i 
day from red, burning eyes. Another, whose smarting eyes I had tried 
vain for some time to relieve, smoked five or six cigarettes a day, 
end of a week of abstinence his eyes were well; after smoking as before for 
week they were as bad as ever; abstinence again for a week resulted in a 
feet cure. The explanation is probably the toxic irritation of the nervoi 
system produced by the tobacco. 

The only effective treatment in any of this class of cases is that direc! 
toward the relief of the underlying cause of the irritation of the nerv. 
system. Local treatment of the eyes cannot be expected to produci 
benefit. 



Asthenopia Due to Reflex Causes 

Sometimes we arc able to trace the etiology of an asthenopia to an irrit« 
tive or inflammatory condition in one or more of the abdominal organs, or ta 
an abnormal condition in the nose. This may be termed a reflex asthenopia. 
It occurs in some eases of menstrual disorders, renal diseases, and other similar 
affections. In several obscure and obstinate cases that I have seen the din; 
nosis has been made and a cure effected by a thorough investigation of t 
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gastrointestinal tract, followed by appropriate treatment of the condition 
found in that viscus. This form of asthenopia is quite apt to be associated 
with more or less imbalance of the ocular muscles, which may sometimes be 
simply another symptom of the disorder of the nervous system engendered by 
the organic trouble, so it is wise not to be in a hurry to ascribe the asthenopia 
to it. Careful observation is often necessary to make it certain whether 
gastric symptoms are caused by the eyes, or ocular symptoms by the stomach. 
Occasionally the heterophoria may be judged to be symptomatic from the 
unreliable action of the muscles, when the results of the tests vary a great deal 
on different days, or it may be on different hours of the same day, and the 
duction is subnormal. 

In addition to the ocular troubles associated with diseases of the accessory 
sinuses asthenopia is quite often due to mechanical pressure in the nose, even 
when the patients present no nasal symptoms and are inclined to question the 
possibility that a fault in that situation can be the cause of their sufferings. 
The following case is typical of many. A seamstress, 31 years old, consulted 
me in January, 1893, because of headache and severe pain in the eyes, both 
of which were much aggravated by any attempt to sew or read. Her re- 
fraction was accurately corrected, she had orthophoria, and no morbid con- 
dition was present in either eye, except a chronic hyperemia of the conjunctiva. 
The suggestion made by Gruening in 1886 that the cause of asthenopia might 
be in the nose led me to an examination of that organ, although she had no 
nasal symptoms. Pressure was found between the eburnated right middle 
turbinate and the septum. Portions of the turbinate were removed so as to 
relieve the pressure. Acute pain was felt in the right eye during the opera- 
tion, but none in the nose. The headache and pain in the eye were relieved 
at once, but recurred several times when synechia? were found to exist between 
the anterior end of the middle turbinate and the septum. The final division 
of these was followed by relief which lasted 19 years, until the spring of 1912, 
'when a synechia was discovered to have formed in the same place from some 
Unknown cause. Its division was again followed by complete relief. In this 
case, and in others like it, the place of contact was at such a point in the 
nose as to cause no noticeable obstruction to breathing, the pain was re- 
ferred to the eye and brow, and nothing called the attention of the patient to 
"the nose. 

The clinical conditions are sometimes complex and confusing, as was the 
case in a patient who had compound hypermetropic astigmatism with the 
«*>xis oblique in one eye alone, simple hypermetropia in the other, considerable 
l^yperexophoria without correcting glasses, less exophoria and no hyperphoria 
^^^ith the glasses on if tested with the phorometer, or orthophoria by the cover 
"fc«st, slight bony contact between the right lower turbinate and the septum, 
«*>nd an adhesion between the septum and the right middle turbinate. Any of 
^fcliese conditions seemed competent to account for the headache and pain in 
"tilie eyes from which the patient suffered, and the treatment had to be directed 
"tio more than one of them. Heterophoria was excluded as a probable cause 
l>y the marked improvement when the refractive error was corrected. Re- 
x^ioval of the points of pressure in the nose was necessary, after the patient 
l*ad worn accurately adjusted glasses for a while, and this, together with the 
Correction of the refractive error, effected a cure which promised to be per- 
*Hanent two years later when the patient was last heard from. 

Ziegler considers that the three most active nasal conditions in this class 
of cases are: 1, Pressure contact; 2, hyperesthesia; 3, nasal obstruction. He 
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says, "The first and most important causative agent is a condition which we 
may term pressure contact. The middle turbinate is usually the offending 
member, and is so often wedged in between the. two vascular cushions of an 
engorged inferior turbinate and a sensitive septal puff that many mystifying 
reflex impulses are originated, the most pronounced of which are localized mus- 
cular twitchings, or choreiform movements of the face, head and neck, while 
intense frontal headache and eyeache are more frequent effects. The middle 
turbinate, however, is not always the offending member. I have seen an in- 
ferior turbinate cause similar disturbances which were promptly relieved by 
the removal of the spur. The pull of a contracting adhesion between the 
middle turbinate and the septum may also cause annoying reflexes. 

"Another important etiological element is hyperesthesia of certain areas 
in the upper air chambers of the nose. These sensitive points are most fre- 
quently located in an area covering the tubercle of the septum, which, when 
irritated, quickly becomes engorged with blood and thus makes pressure 
against the closely approximated middle turbinate. Irritation of this sensi- 
tive area is so provocative of distinctly localized eye symptoms that I have 
long since dubbed it 'the eyespot of the nose.' " The third element, nasal 
obstruction, is more likely to attract the attention of both the patient and the 
physician, but is of less importance as a cause of asthenopia as it acts in- 
directly, by increasing the sensitiveness of the whole system and rendering it 
more liable to reflex disturbances. 

A diagnostic test on which I place considerable reliance is to press with 
a bit of wet cotton on an applicator upon the nasal mucous membrane of the 
septum at the point called "the eyespot of the nose," especially when it is 
in contact with the mucous membrane of the middle turbinate. If the pain 
caused in this way is of the same character as that for which relief is sought 
the patient recognizes it at once, and then the immediate removal of the pres- 
sure is indicated. The operation may be performed on either the turbinate, or 
the septum, according to circumstances. If the pain caused by such an ap- 
plication is purely local and of a different character from that of which the 
patient ordinarily complains it is doubtful if the asthenopia is due to the 
intranasal pressure in that particular case, and every other possible cause 
should be excluded before an operative intervention is undertaken, unless such 
intervention is indicated for other reasons. 
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ERRATUM 

The title of Fig. 38, vol. 1, page 242, should 
be "Tissue of Secondary Cataract" instead of 
"Aphakic Eye." 
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Abducens, paresis of, 600 

in injuries of the skull, 386 
Aberration, spherical, in skiascopy, 857 
Ablatio retina?. See Detachment of the Retina 
Ablepharia, 319 

Abnormal correspondence of the retinae, 556 
Abrasio corneae, 394 

Abscess of the brain, a cause of choked disc, 
721 
ptosis in, 699 
.Abscess of the lens, 363 
eyelid, 983 
vitreous, 359 
-Absolute immobility of the pupils, 580 
-Acarus folliculorum, 991 

-Accessory sinuses of the nose, diseases of, 450 
central scotoma in, 719 
effects produced on the eye by, 450 
-Accessory sinuses of the nose, treatment of 

diseases of the, 454 
-Accidental injuries of the eye, 390 
judicial opinion in cases of, 388 
-Accommodation, 783 
amplitude of, 546, 788 

determination of the, 787 
changes in the eye during, 784 
decrease of, in age, 791 
paresis of, in diphtheria, 699 

in syphilis, 609 
range of, 546, 788 
region of, 790 
relative, 546 
spasm of the, 807, 858 
theory of the, 785 
icid, boric, 47 
lactic, 104 
tannic, 191 
xne necroticans, 983 
rosacea, 317 
varioliformis, 983 
acromegaly, 469 
actinomycosis, 987 
xtol, 50 

custic- , tumors of the, 679 
adaptation of the eye to dark, 840 
to light, 840 

Captation of the eye, disturbances of the, 840 
ddison'i disease, 316 
denitis of the lacrymal gland, 437 
denoma of the lacrymal gland, 437 
Meibo tan glands, 980 
*lhesive plaster dressing, 393 
drenalin, 54 

*lvancement of the ocular muscles, 568 
indications for, 567 
technique of, 568 
Ibinism, 990 
-^^lcohol and tobacco amblyopia, 718 
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Alcoholism, 611 
Alopecia, 994 

Alternating hemiplegia, 673 
Alternating strabismus, 553 
Alum pencil, 199 
Amaurotic cat's eye, 759 
Amaurotic immobility of the pupils, 579 
Amblyopia: alcohol and tobacco, 718 
congenital, 561 
ex anopsia, 560 
toxic, 718 
Amblyoscope, 557 

Amotio retina*. See Detachment of the retina 
Amyloid degeneration of the conjunctiva, 98 
rea tions of the, 98 
cornea, 98 
tarsus, 980 
Amyotrophic lateral sclerosis, 690 
Anaemia, a cause of choked disc, 791 

pernicious, 739 
Aneurysms of the retinal vessels, 335 
Angioma of the chorioid, 703 
conjunctiva, 91 
eyelids, 313 
orbit, 457 
Angle of convergence, 543 
of strabismus, 555 
unit, 543, 775 
visual, 775 
Aniridia traumatica, 396 
Anisocoria, 579 
Anisometropia, 811 
Ankyloblepharon, 97, 995 
congenital, 995 
Aliform, 996 
Antagonism of the visual fields, 541 
Anterior chamber, 19 
hemorrhages into the, 397 
paracentesis of the, 154 
sinus, or angle of the, 90 
occlusion of, in glaucoma, 48 
Anterior polar cataract, 968 
Anterior synechia?, 147 

after wounds, 345 
Anthrax of the eyelids, 986 

following injuries, 404 
Antisepsis, 998 

Antrum of Highmore, empyema of the, 459 
Aphakia, 949 
loss of earning power from, 395 
refraction in, 943 
symptoms of, 949 
Applanatio corneae, 148 
Aqueous, 198 
composition of, 198 
index of refraction of the, 198 
osmotic pressure of the, 900 
Arachnoidal sheath of the optic nerve, 710 
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Arcus senilis of the cornea, 15 
Arcus tarseus inferior, 3 

superior, 3 
Argentamin, 50 
Argonin, 50 

Argyll-RoberUon pupil, 580, 683 
Argyrosis of the conjunctiva, 49, 316 
Arsenic poisoning, loss of eyelashes in, 394 
Arterial plexus, Holler's circular, 710 

Z inn's circular, 710 
Arterial pulse in glaucoma, 478 
Arteries, cilioretinal, 745 
Arteriosclerosis: atrophy of the optic nerve 
caused by, 715 
degeneration at the macula caused by, 751 
hemorrhages in the conjunctiva, 88 
in the retina, 741 
occlusion of the central artery of the retina, 

743 
pareses of the ocular muscles due to, 642 
Artery, central of the retina, 731 
embolism of the, 743 
thrombosis of the, 743 
hyaloid, 269, 371 
ophthalmic, 731 
Artificial eyes, 394 
Asepsis, 339 

Aspergillus fumigatus, 161 
Associated movements of the eyes, 607 

pareses of the, 607 
Association fibres, 665 
Asthenopia, 853 
accommodative, 839, 854 
due to errors of refraction, 854 
imbalance of the extrinsic muscles, 858 
nervous causes, 863 
reflex causes, 864 
muscular, 548 
Astigmatism, 839 
after cataract extraction, 343 
correction of, with glasses, 834 
course of the rays of light in, 830 
determination of, 831 
hypermetropic, 831 
irregular, 831 
mixed, 833 
myopic, 833 
postoperative, 836 
regular, 831 
Astringents, 53 
Atoxyl, 719 

Atresia, congenital, of the nasolacrymal duct, 
78 
of the lacrymal puncta, 433 
Atrophia bulbi, 31 
Atrophy of the chorioid, 703 
eyeball, 31 
ifis, 178 

optic nerve, 683, 714 
ascending, 715 
descending, 716 
from diseases of the accessory sinuses, 448, 

553 
from fracture of the skull, 384 
from loss of blood, 713 
from overfeeding with thyreoidin, 468 
glaucomatous, 483 
in hydrocephalus, 683 
neuritic, 731 
pressure, 483 



Atrophy of the optic nerve, simple, 714 
etiology of, 715 

ophthalmoscopic picture of, 714 
prognosis of, 716 
tabetic, 686 
temporal, 717 

treatment of, 719 
yellow, 735 
Atrophy of the skin of the lid, 316 
Atrophy, retinal, 734 
Atropin, 590 
action of, 176 
catarrh, 130 

conjunctivitis caused by, 8, 114, 130, 176 
folliculosis, 114, 130 
in iritis, 176 
poisoning, 176 
Auditory nerve, tumors of the, 673 
Aural reflex of the pupil, 577 
Avulsio bulbi, 381 
Axial hypermetropia, 781, 835 
myopia, 781, 804 

• 

Bacilli, Koch-Week*, 43, 45 

Morax-Axenfeld, 55 
Bacteria of the normal conjunctiva, 41 
Bandage, binocular, 333 

monocular, 333 

pressure, 333 
Basal pareses, 608 

Basedow'* disease. See Exophthalmic goitre 
Base of the skull, fractures of the, 379 

syphilitic meningitis of the, 619, 731 

tumors of the, 675 
Bees, poison of, 363 
Berlin** opacity, 336 
Binocular act of vision, 538 
Binocular bandage, 333 

field of fixation, 596 

single vision, 540 
Bitot's spots, 144 
Blennorrhea adultorum, 73 

neonatorum, 63 
clinical picture of, 63 
complications of, 66 
course of, 65 
diagnosis of, 77 
pathogenic agent in, 64 
prognosis of, 65 
prophylaxis of, 73 
treatment of, 67 
Blepharitis squamosa, 388 

ulcerosa, 389 
Blepharochalasis, 317 
Blepharophimosis, 395 
Blepharoplasty with pedicled flaps, 301 

nonpedicled flaps, 303 
Blepharospasm, 657 

as a functional disturbance, 657 

from irritation of the trigeminus, 660 

in hysteria, 659 

in keratoconjunctivitis ecsematosa, 134, 661 

in migraine, 659 

in organic lesions, 660 

in trachoma, 133 

senile, 659 
Blepharostat, He**', 330 
Blepharotomy, 396 
Blindness, psychic, 661 
Blind spot, 747 
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Blood vessels, chorioidal, 699 
cilioretinal, 745 
conjunctival, 9 
corneal, 35 
development of, 35 
lamellar, 38 
retinal, 731 
Blood, visible movement of the, 15, 38 
Blue, disturbance of the sense for, in detach- 
ment of the retina, 759 
in albuminuric retinitis, 750 
Body, ciliary, 90 
Borax, 53 
Boric acid, 47, 53 
Botulismus, 619 
Bowman's membrane, 10 
operation, 494 
probes, 494 
Brain, diseases and tumors of the, 669 
abscess of the, 699, 791 
atrophy of the optic nerve in diseases of the, 

715 
choked disc in diseases of the, 669, 719 
diseases at the base of the, 675 
in the corpora quadrigemina and glandula 

pinealis, 674 
in the frontal portion of the, 679 
in the parietal lobe, 671 
in the temporal lobes, 671 
tumors of the, 669 
in the central convolutions, 670 
in the cerebellum, 675 
in the corpus callosum, 671 
in the crus cerebri, 679 
in the pons, 673, 677 
in the ventricle, 671 
of the, localisation of, 669 
ocular symptoms of, 669 
Bruecke's muscle, 785 
Bulbar conjunctiva, 9 
Butler's shield, 74 
Buphthalmos, 599 
Burns of the conjunctiva, 395 

Calcification of the cornea, 179 

retinal blood vessels, 741 
Calomel, 141 
Canal, hyaloid, 408 
Canal of Petit, 93 

Schlemm, 481, 489 
Canaliculi, 417 
Candle test, 226 
Cantholysis, 997 
Canthoplasty, 996 
Capillary fistula, 435 
Capsular cataract, 968 
Caput obstipum, 699 
Carbon bisulphide poisoning, 719 
Carbuncle, 983 
Carcinoma of the chorioid, 704 

conjunctiva, 93 

cornea, 95 

eyelids, 309 

orbit, 459 
Caries of the wall of the orbit, 448 
Caruncle, 104 

diseases of the, 104 

tumors of the, 104 
Cataphoria, 550 
Cataplasms, 177 



Cataract: anterior polar, 968 
acquired, 149, 968 
congenital, 968 
black, 904 
capsular, 968 
capsulolenticular, 945 
central, 970 
complicated, 91, 757 
congenital, 963 
contusion, 959 
cortical, 907 
diabetic, 951 
changes in the iris in, 954 
clinical picture of, 959 
differential diagnosis of, 954 
pathogenesis of, 953 
treatment of, 955 
experimental, 957 

extraction. See Extraction of cataract 
false, 906 
fluid, 910 

from ergotin poisoning, 956 
fusiform, 970 
glassblowers*, 956 
hypermature, 910 
incipient, 907 
intranuclear, 919 
intumescent, 910 
'iron, 950 
lamellar, 963 

clinical picture of, 963 

monolateral, 963 

pathogenesis of, 967 

pathology of, 966 

rickets and, 967 

rudimentary, 963 

treatment of, 964 
lightning, 960 
massage, 959 
mature, 910 
membranous, 945 
Morgagnian, 910 
naphthalinic, 961 
nuclear, 919 
operations for: couching, 939 

depression, 939 

extraction, 931 

keratonyxis, 939 

inclination, 939 

scleronyxis, 939 
perforation, 359 
perinuclear. See Lamellar 
posterior polar, 969 

in retinitis pigmentosa, 970 
progressive, 907 
punctate, 913 
pyramidal, 969 
salt, 958 
senile subcapsular, 907 

clinical picture of, 907 

course of, 907 

a disease of metabolism, 919 

opacities in the vitreous in, 909 

pathogenesis of, 914 * 

pathology of, 910 

stages of, 910 

symptoms of, 907 

treatment of, 999 
spindle shaped, 971 
stationary, 913 
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Cataract, subcapsular, 307 

of tetany, £50 

supranuclear, 212 

theories concerning, 214, 219 

total congenital, %l\ 

traumatic, 247 
resorption of, 24B 
secondary glaucoma from, 240 

treatment of, 225 

tremulous, 210 

■onular. Nee lamellar 
Cataracta centralis, 270 

diabetica, 261 

fusiform!*, 270 

nigra, 204 

nuclear Is, 212 

polar is anterior, 268 
posterior, 260 

punctata, 213 

secundaria, 245 

senilis subcapsularis, 206 

supranuclearis, 212 
Cataract glasses, 244 
Catarrh, atropin, 130 

caused by silver nitrate, 72 

drv conjunctival, 61 

follicular, 120 

Infantile, 76 

vernal. See Vernal catarrh 
Catarrh us conjunct Walls follicularis, 129 

siccus, 61 

vemalis, 78 
Caterpillar hairs, conjunctivitis caused by, 

84 
Cat** eye, amaurotic, 759 
Cauterisation of ulcers of the cornea, 154 
Cellulitis of the eyelids, 284 

lacrvmal sac, 431 

orbit 445 
Central artery of the retina, 731 

embolism of the, 743 

occlusion of the, 743 

thrombosis of the, 743 
Central cataract, 270 

scotoma, 717 
caused bv degeneration of the macula, 

400 
caused by retrobulbar neuritis, 717 
injuries, *400 
multiple sclerosis, 719 

rein of the retina* 731 
occlusion of the* 741 
thrombosis of the, 741 

vessels of the retina* 731 
CYntre, visual, 665 
Centrum ciltatpinale* 696 
Cerebellum, tumors of the, 674 
Chalation, £77 

clii.ical picture of, 2TT 

etiology of, 27$ 

giant, £79 

marginal, £•$ 

pathology of, *7S 

treatment of, £T9 
CHamber, anterior, 19 

po>terior, 19 
CfcarK-re of tbe conjunctiva, 96 

f\flM\ SOS 

CS**.cv of £v:si in the eve* 506 

* 

r**?v.re of the. 515 



Chemosis, 85 

from changes in the composition of the blood, 
87 

from stasis of blood and lymph, 86 

in inflammations, 86 
Chiasm, 664 
Chicken pox, 284 
Chloasma caloricum, 316 

gravidarum, 316 
Chloroform, 585 
Chlorosis, 739 
Choked disc, 719 

diagnostic significance of, 669 

etiology of, 721 

in abscess of the brain, 721 

in disease of the ear, 697 

in hydrocephalus, 682 

in meningitis, 679 

in nephritis, 721 

in tumors of the brain, 669, 721 

measurement of the height of a, 720 

ophthalmoscopic picture of, 719 

palliative trephining for, 727 

pathogenesis of, 722 

pathology of, 721 

symptoms of, 719 

theories concerning, 722 

treatment of, 727 
Chplesterin crystals in the retina, 742 

vitreous, 410 
Chorea, 659 
Choriocapillaris, 699 
Chorioid, 699 

anatomy of the, 699 

angioma of the, 703 

atrophy of the, 702 

blood vessels of the, 699 

carcinoma of the, 704 

changes in myopia, 701 

elastic lamina of the, 698 

gumma of the, 703 

inflammation of the, 679 

in iridochorioiditis, 700 

melanosarcoma of the, 703 

ruptures of the, 337 

sarcoma of the, 703 
clinical picture of, 703 
prognosis of, 708 
stages of, 704 

sclerosis of the, 702 

syphilis of the, 703 
' tuberculosis of the, 703 

tumors of the, 703 

vascular laver of the, 699 
Chorioiditis. 700 

areolar, 701 

central, 701 

circumpapillarr, 701, 803 

disseminated, "701 

fibrinous, 701 

luetic, 70S 

macular. 701 

myopic. 701 

peripheral. 701 

purulent, 700 

senile. 701 

$*rou$, 701 

>i:r*ri:ratTce. 7W 

$yrr»rt*T:v of. 7t© 

srrhilitic. 7 vTS 



INDEX 



81$ 



Chorioiditis, treatment of, 703 

tuberculous, 703 
Chorioretinitis, 733 

hepatica, 746 

luetica, 748 
Chromatophores, 16 

Chrysarobin, conjunctivitis caused by, 8 
Cicatrices, corneal, 84 

cystoid, 85, 938 
Cicatricial ectropion, 301 

entropion, 304 

pterygium, 83 
Cilia, 290 

anatomy of the, 390 

diseases of the, 390 

forceps, 294 

incarcerata, 394 

inversa, 394 

mycosis of the, 391 

white, 390 
Ciliary body, 30 

gumma of the, 183 

sarcoma of the, 704 
Ciliary muscle, 785 
Ciliary injection, 30 

neuralgia, 478 

processes, 33 

staphyloma, 149 
Cilioneural theory, modified, 366 
Cilioretinal vessels, 745 
Ciliospinal centre, 696 
Circles of diffusion, 786 
Circulus arteriosus iridis major, 17 

minor, 17 

Halleri, 710 

Zinnii, 710 
Clinoscope, 553, 863 
Cocain, 591 

Cold, opacification of the lens by, 357 
Colloid deposits on the vitreous lamella, 751 
Collyria, 47, 53, 54 
Collyrium astringens, 54 
Coloboma of the iris, congenital, 588 

lens, 374 

eyelid, 318 
Color blindness, 841 
Color scotoma, 691, 717 
Color sense, disturbances of the, 841 
red-green blindness, 843 

tablet, 844 

test of the, 844 
Colored pencil test, 844 
Commotio retinae, 335 
Compensation method, 770 
Complement fixation reaction, 187 
Compresses, 46, 69 
Concave glasses, 770 

Concentric contraction of the field of vision in 
glaucoma, 486 

in tabes, 687 

in traumatic neuroses, 386 
Concrements in the canaliculi, 433 

conjunctiva, 52 

Meibomian glands, 52 
Conduction of the tears, 420 
Congenital cataract, 268 

ptosis, 623 
Conjugate deviation, 607 
Conjunctiva, 1 

amyloid degeneration of the, 98 



Conjunctiva, anatomy of the, 1 
angiomata of the, 91 
bacteria of the normal, 41 
benign tumors of the, 89 
blennorrhoea of the, 63 
blood vessels of the, 2 
bulbar, 3 
burns of the, 335 
carcinoma of the, 93 
chancre of the, 96 
concrements in the, 52 
cysts of the, 92 
dermoids of the, 89 
epithelioma of the, 94 
examination of the, 3 
inflammation of the, 6 
fibroma of the, 91 
fornicis, 4 
injection of the, 30 
malignant tumors of the, 93 
nevus of the, 92 
osteoma ta of the, 91 
palpebral, 2 
papilloma of the, 91 
papule of the, 97 
pemphigus of the, 97 
pigmentation of the, 329 
Pinguecula, 4, 82 
plastic operation on the, 347 
polypoid tumors of the, 91 
pterygium, 81 
sarcoma of the, 94 
scleral, 3 
syphilis of the, 96 
tarsal, 4 
trachoma, 105 
transition folds of the, 4 
tuberculosis of the, 99 
xerosis of the, 144 
Conjunctival injection^ 30 
Conjunctivitis, 6 
acute, 6 

catarrhal, 7, 39 
cardinal symptoms of, 6 
course of, 44 
etiology of, 43 
treatment of, 46 
angular, 56 
blennorrhoica, 63 
caused by caterpillar hairs, 84 

chrysarobin, 8 

Koch-Weeks' bacilli, 45 

mercury and iodide, 9 
chronic, 6, 50 

complications of, 51 

ectropion in, 51 

etiology of, 52 

forms ot, 50 

treatment of, 53 
crouposa, 58 
diphtheritica, 58 
diplobacillus, 55 

clinical picture of, 56 

treatment of, 57 
eczematosa, 130 

clinical picture of, 130 

course of, 138 

etiology of, 136 

habitus scrofulosus, 134 

treatment of, 138 
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Conjunctivitis follicularis, 199 

clinical picture of, 129 

differential diagnosis of, 130 

treatment of, 130 
gonorrhoea adultorum, 73 

metastatic, 76 

protective dressing in, 74 
gonorrhoica neonatorum, 63 

clinical picture of, 63 

complications of, 66 

course of, 65 

etiology of, 64 

prognosis of, 65 

prophylaxis of, 79 

treatment of, 67 
granulosa. See Trachoma 
influenzal, 43 
Parinaud's, 100 
petrificans, 99 
phlyctenular, 131 
pneumococcal, 43 
postoperative, 44 
pseudomembranous, 57 
scrofulosa, 134 
sicca, 51 

staphylococcal, 44 
streptococcal, 69 
syphilitic, 9 

trachomatosa. See Trachoma, 
traumatic, 8 
tuberculosa, 99 

clinical picture of, 99 

course ot 9 101 

diagnosis of, 100 

origin of, 103 

pathogenesis of, 101 

treatment of, 104 
vernal is. See Vernal catarrh 
Connective tissue proliferation after hemorrhage 
into the retina, 740 
vitreous, 740 
Constants of the eye, 779 
Contraction of the* field of vision, concentric, 
in glaucoma, 486 
in tabes, 687 
in traumatic neuroses, 386 
Contracture, hysterical, 661 

secondary, 601 
Contusions of the eye, 396 
cataract caused by, 343 
changes in the retina caused by, 335 

vitreous, caused by, 335 
detachment of the retina caused by, 337 
glaucoma caused by, 339 
hypotony caused by, 339 
luxation of the lens caused by, 339 
mydriasis caused by, 333 
with rupture of capsule, 396 
without rupture of capsule, 399 
Con us, myopic, 803 
Convergence, 543 
amplitude of, 545 

determination of the, 544 

relative, 546 
angle of, 543 
insufficiency of, 549 
latent, 551 
negative, 544 
paresis of, (j07 
reaction of, 576 



Convex glasses, 768 
Copper and glycerine, 199 
Copper pencil, 199 
Cornea, 9 

abrasion of the, 394 

amyloid degeneration of the, 98 

anatomy of the, 9 

arcus senilis of the, 15 

bullae of the, 484, 493 

burns of the, 395 

carcinoma of the, 95 

cauterization of ulcers of the, 154 

curvature of the, 13 

deposits on the posterior surface of the, 91 

development of blood vessels in the, 35 

discoloration of the, 11, 169 

endothelium of the, 10 

epithelium of the, 9 

erosions of the, 394 
-examination of the, 13 
with Placido'i disc, 13 

facets of the, 147 

fistula of the, 147 

focal illumination of the, 14 

foreign bodies in the, 399 

glaucomatous degeneration of the, 493 

herpes of the, 169 

hyaline degeneration of the, 98 

imbibition of blood by the, 334 

infiltrates into the, 39 

inflammation of the, 39 

leucoma of the, 34 

lime burns of the, 395 

macula of the, 34 

nubecula* of the, 34 

nutrition of the, 10 

opacities of the, 98 
analysis of the, 98, 34 

paracentesis of the, 154 

parenchyma of the, 10 

phlyctenule of the, 139 

phthisis of the, 148 

puncture of the, 154 

reflection from the, 13 

ribbon shaped opacity of the, 172 

sarcoma of the, 93 

sensibility of the, 13 

staphyloma of the, 148 

surface of the, 13 

syphilis of the, 164 

tattooing of the, 146, 158 

transparency of the, 13, 14 

transplantation of the, 166 

ulcers of the. See Ulcers of the cornea 

vascularization of the, 35 

wounds of the, nonperforating, 394 
perforating, 345 
Corneal microscope, 15 
Cornua cutanea, 314 
Corpus trigeminus, 665 

cilia re. See Ciliary body 

geniculatum, 665 * 

quadrigeminum, 674 
Correspondence of the retime, abnormal, 556 
Corresponding places on the retinae, 540 
Cortex of the lens, reflex of the, 97 
Cortical cataract, 907 
Couching, 939 
Course of the rays of light in astigmatism, 830 

in emmetropia, 779 
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Course of the rays of light in hypermetropia, 
895 

in myopia, 779, 809 
Covering fold of the lid, 977 
Cover test, 554, 859 
Crater pupil, 90 
Credit method, 73 
Cms cerebri, 679 
Cryptophthalmos, congenital, 319 

traumatic, 396 
Crypts of the iris, 17 
Cuprum aceticum, 199 

sulphuricum, 199 
Cyclitis, 90 
Cyclodialysis, 503 
Cyclophoria, 550, 861 
Cycloplegia, 855 
Cylindrical glasses, 834 
Cysticercus of the orbit, 457 

vitreous, 419 
Cystoid cicatrix, 85, 938 
Cysts of the conjunctiva, 99 

iris, 406 
Meibomian glands, 979 

orbit, 457 

pearl, 407 

Dacryadenitis, 436 
Dacryocystitis, 496 
chronic catarrhal, 496 
clinical picture of, 496 
diagnosis of, 497 
etiology and course of, 497 
congenital, 431 
phlegmonosa, 431 
clinical picture of, 431 
diagnosis of, 431 
origin and course of, 439 
treatment of, 434 
with N ulcus serpens, 150 
Dacryops, 406 
Daltonism, 849 
Daturin, 591 
Deafness, 165 
Declination, 869 

Deep vascularization of the cornea, 37 
Degeneration of the cornea, 171 
amyloid, 98 
glaucomatous, 493 
hyaline, 98 
Degeneration of the macula, senile, 751 
motor paths of conduction, primary, 690 
optic nerve, 686, 714 
retina, fatty, 750 
pigment, 734 
course of, 735 
etiology of, 736 
pathology of, 735 
prognosis of, 737 
Demodex follicularis, 991 
Deposits on Detcemet't membrane, 91 
on the vitreous lamella, colloid, 751 
Depressio cataractae, 939 
Depth, perception of, 399 
loss of the, 399 
test of the, 399 
Dermatitis angularis, 50 
Derma toses of the skin of the eyelid, 984 
Dermoids, anatomy of, 90 
origin of, 90 



Dermoids, treatment of, 90 

of the caruncle, 90 
conjunctiva, 89 
corneoscleral margin, 89 
eyelids, 313 
orbit, 457 
transition folds, 90 
Descemetocele, *47 
Descemet's membrane, 10 

deposits on, 91 

lacerations of, 333 

reticulation of, 175 

wrinkling of, 175 
Detachment of the retina, 759 

after contusions, 337 

clinical picture of, 753 

contractions of the field of vision in, 759 

demonstration of, 753 

disturbances of the color sense, 759 
' etiology of, 754 

in myopia, 755 

in perforating wounds, 755 

in retinitis albuminurica, 755 

in tumors of the chorioid, 704 

metamorphopsia in, 759 

photopsias in, 759 

prognosis of, 757 

senile, 755 

theories concerning, 755 

treatment of, 757 

visual disturbances in, 663 
Development of blood vessels in the cornea, 35 
Deviation, conjugate, 607 

of the eyes in paresis of the ocular muscles, 
598 
in strabismus, 598 
Diabetes, cataract caused by, 951 
operation on, 955 

central scotoma in, 719 

iritis in, 180, 955 

myopia caused by, 959 

retinitis in, 749 
Diaphragm, Aubert's, 841 
Diathesis, uric acid, 59 
Diffusion circles, 786 
Diffusion of the coloring matter of the blood 

into the cornea, 334 
Dilatations of the pupil, reflex, 577 
Dilatator pupillae, 574 
Dionin, 87, 169 
Dioptre, 769 
Diphtheria bacilli, 59 

of the conjunctiva, 57 

optic neuritis in, 714 

serum, 6 

toxin, 630 

toxon, 630 

paresis of the accommodation in, 699 
Diphtheritic conjunctivitis, 57 
Diplobacillus conjunctivitis, 55 

Morax-Axenfeld, 55 

ulcer of the cornea, 160 
Diplococci, Oram negative, 77 
Diplopia, 593 

monocular, 593 
Disc, chokeo. See Choked disc 
Disc, Placido's, 13 
Discission, 947, 965 
Discoloration of the cornea, 11, 169 

iris, 18 
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Discoloration of the lens, yellow, 250 
Disease, Basedow's, Graves*. See Exophthalmic 

goitre 
Disease of the accessory sinuses of the nose, 
450 

corpora auadrigemina, 674 

crus cerebri, 673 

fourth ventricle, 671 

Little's, 689 

orbit, 438 

pineal gland, 674 

Quincke's, 281 
Disparatlon of the retinal images, 541 

longitudinal, 541 

transverse, 541 
Displacement, paralactic, 766 

prismatic, 771 

type, Foerster's, 387 
Distance, principal focal, 769 
Distichiasis, 110 
Divergence of the eyes, 544 

latent, 549 
Divergent strabismus, 570 
Double images, 600 
Dressings for the eyes, 393 

adhesive plaster, 393 

binocular, 393 

monocular, 393 
Drops, how to instill, 73 
Duboisin, 591 
Duction test, 860 
Duct, nasolacrymal, 418 

congenital occlusion of the, 78 

probing of the, 494 

strictures in the, 493 

Ear diseases associated with those of the eve, 

681, 697 
Early papule of the iris, 184 
Earning power, estimates of loss of, 399, 395, 
397 

methods of estimating loss of, 390 
Echinococcus of the orbit, 457 
Ecchymosis of the lids, 331 
Ectasia of the accessory sinuses, 450 

cornea, 66, 109, 147 

lacrymal sac, 496 
Ectopia lentis, 979 
Ectropion, 998 

cicatricial, 301 

clinical picture of, 998 

operations for, 301 • 

paralytic, 999 

senile, 999 

spastic, 998 
Eczema impetiginosum, 999 

intertriginosum, 999 
. madidans, 999 

of the margin of the lid, 991 

pustulosum, 999 

rubrum, 999 

squamosum, 999 

treatment of, 993 
Eczematous keratoconjunctivitis, 130 

clinical picture of, 130 

course of, 138 

etiology of, 136 

habitus scrofulosus, 134 

treatment of, 138 
Efflorescences of the conjunctiva, 131 



Efflorescences of the conjunctiva, broad, 139 

sand grain, 139 
Electrolysis, 306 
Elephantiasis cavernosa, 313 

nostras, 317 
Embolism of the central artery of the retina, 

743 
Emmetropia, 773, 779 
Emphysema of the conjunctiva, 89 

orbit, 379 
Empyema of the accessory sinuses, 450 

antrum of Highmore, 459 

ethmoidal labyrinth, 459, 453 

frontal sinus, 450 

maxillarv sinus, 459 

sphenoidal sinus, 453 
Encephalocele of the orbit, 458 
Endarteritis, 741 
Endothelioma of the orbit, 459 
Endothelium of the cornea, 10 
Enophthalmos, traumatic, 383 
Entropion, 108, 303 

bulbale, 303 

cicatricial, 304 
etiology of, 304 

in chronic conjunctivitis, 110 

operations for, 305 

spastic, 303 

trachomatous, 304 
Epicanthus, 317 
Epilation, 995 
Epilepsy, mydriasis in, 585 
Epiphora, 433 

causes of, 433 

in exophthalmic goitre, 468 

treatment of, 433 
Episcleritis, 414 
Epithelial xerosis, 143 
Epithelioma of the conjunctiva, 93 

eyelids, 309 
Epithelium, pigment, 699 
Erb's diagram, 638 
Ergotine poisoning, cataract from, 956 
Erosions of the cornea, 334 

recurrent, 334 
Errors of refraction, 779, 854 
Erythema exudativum, 984 

of the eyelids, 983 
Erythropsia, 339 
Eserin, 592 
Esophoria, 549 
Ethmoid, diseases of the anterior cells; 453 

posterior cells, 453 
Eucalyptus, 55 
Euphthalmin, 591 
Eversion of the eyelids, 4 

lacrymal punctae, 51, 433 
Examination of the fundus, 766 
Exanthemata of the eyelids, 284 
Excavation of the optic nerve, 535 

atrophic, 536 

glaucomatous, 481, 536 

physiological, 535 
Excision operations in trachoma, 195 

combined, 136 

enucleation of the tarsus, 138 

simple, 136 

tarsectomy, 138 
Exenteration of the eveball, 341 

orbit, 763 
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Exophoria, 549 
Exophthalmic goitre, 465 

ocular symptoms of, 466 
Exophthalmos, 438 
diagnosis of, 438 
in acromegaly, 469 
in cellulitis of the orbit, 445 
in diseases of the accessory sinuses, 450 
in exophthalmic goitre, 465 
inflammatory, 449 
in hemorrhages into the orbit, 378 
in hydrocephalus, 470 
in leucaemia, 437 
in oxycephalic, 470 
in periostitis, 448 
in poisoning, 469 
in sinus thrombosis, 444 
in syphilis of the orbit, 442 
in tenonitis, 445 
intermittent, 464 
in traumatisms, 378 
in tuberculosis of the orbit, 443 
in tumors of the orbit, 455 
in vascular growths in the orbit, 457 
pulsating, 469 
Exostoses of the orbit, 459 
Expression of trachoma, 194 
Extraction of cataract, 999 
accidents in, 936 
after-treatment of, 939 
flap operation, 931 
glaucoma following, 939 
healing of the wound after, 935 
in capsule, 947 

Smith's operation, 947 
operations for the, 995 

complications during, 936 
after, 937 

indications for, 996 

technique ot 9 931 
panophthalmitis following, 940 
preparations for operation, 997, 999 

antisepsis, 998 

asepsis, 999 
simple, 939 
with iridectomy, 931 
without iridectomy, 939 
Extraction magnet, 376 
Eyeball, elasticity of the capsule of the, 519 
muscles of. See Muscles of the eyes 
phthisis of, 91, 66, 353, 358 
position of the, 438 
rupture of the, 396 
Eyelids, 977 
abscess of the, 984 
acne rosacea of the, 317 
actinomycosis of the, 987 
anatomy of the, 977 
angioma of the, 313 
anthrax of the, 986 
blepharitis squamosa, 988 

ulcerosa, 989 
blepharochalasis, 317 
carcinoma of the, 309 
cellulitis of the, 984 
chalazion, 977 
chancre of the, 308 
coloboma of the, 318 
cornua cutanea, 314 
dermoids of the, 313 



Eyelids, ecchymosis of the, 331 

ectropion of the, 998 

eczema of the, 991 

elephantiasis of the, 313 

entropion of the, 303 

erythema of the, 989 

erythema exudativum of the, 984 

exanthemata of the, 984 

favus of the, 991 

fibromata of the, 314 

furuncle of the, 983 

gangrene of the, 987 

glanders of the, 986 

gumma of the, 309 

hemorrhages into the skin of the, 981, 

herpes simplex of the, 659 
zoster of the, 653 

hyperemia of the, 981 

inflammations of the, 983 

lagophthalmos, 996 

lepra of the, 988 

lice on the, 991 

lipoma of the, 313 

lymphangioma of the, 313 

margins of the, 977 

milium of the, 317 

muscles of the, 977 

nsevus of the, 319 

oedema of the, 983 

papules of the, 308 

pemphigus of the, 984 

pityriasis rubra of the, 988 

plastic operation on the, 301, 309 

plexiform neurofibroma of the, 313 

pseudoptosis, 615 

ptosis, 615 

rhinophyma of the, 317 

rhinoscleroma of the, 988 

sarcoma of the, 311 

scleroderma of the, 317 

seborrhoea of the margin of the, 988 

skin of the, 977 

spasm of. See Blepharospasm 

sycosis of the, 991 

symblepharon, 396 

syphilis of the, 308 

teleangiectasis of the, 313 

trichiasis, 994 

tuberculosis of the, 306 

tumors of the, 309, 319 

urticaria of the, 985 

vaccinola of the, 985 

varices of the, 313 

warts on the, 314 

xanthelasma of the, 314 
Eyes, artificial, 394 

movements of the, 594 
nerve tracts for the, 605 
Eyespot of the nose, 866 
Eyestrain, 853 

Facets of the cornea, 147 
Facial nerve, course of the, 637 
paresis of the, 635 
localization of, 638 
ocular symptoms of, 636 
peripheral, 639 
Falling bodies, Bering's test with, 399, 549 
Far point, 779 
determination of the, in emmetropia, 779 
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Far point, determination of the, in hyper- 
metropic 781 
in myopia, 780 
Farsightedness. See Hypermetropia 
Fascia, tarso-orbital, 439 

Tenon's, 439 
Fat, cushion of, 439 
Fatty degeneration of the retina, 750 
Favus, 291 

Ferrum sulphuricum, 55 
Fibres of the optic nerve, medullated, 746 
Fibroma of the conjunctiva, 91 

eyelids, 314 
Fibrosarcoma of the orbit, 459 
Field of fixation, binocular, 596 
Field of vision, 837 

concentric contraction of, in traumatic neu- 
roses, 386 

determination of the, 838 

displacement type of the, 387 

in glaucoma, 486 

in tabes, 687 

normal, 837 

test of the, 838 
Filaria of the vitreous, 412 
Fissura orbitalis superior, 618 

palpebralis, 632 
Fistula, capillary, 435 

lacrymal, 434 

of the cornea, 147 

margin of the orbit, 307 
Fitting of glasses, 854 
Flap extraction, 231 
Fluid, intraocular, 198 

albumin in the, 199 

antibodies in the, 518 

change of the, 506 
nature of the, 515 

composition of the, 198 

inorganic substances in the, 198 

origin of the, 509 

osmotic pressure of the, 200 

outlets for the, 513 
Fluorescin, 507 
Focal distance, 769 

illumination, 14, 765 
Focus of lens, principal, 769 
Foerster's displacement type, 387 

photometer, 840 
Folds, transition, 4 
Follicles caused by atropin, 114, 130 

in simple conjunctivitis, 129 

in trachoma, 115 
Follicular catarrh, 129 

clinical picture of, 129 

differential diagnosis of, 130 

treatment of, 130 
Folliculosis, 129 
Font ana' t space, 482 
Foramen opticum, 710 
Forceps, cilia, 294 
Foreign bodies in the conjunctival sac, 322 

feeling as of, 99, 322 
Foreign bodies in the cornea, 322 

intraocular, 372 

lens, 250 
Fornix, conjunctiva of the, 4 
Fovea centralis, 731 
Fractures of the base of the skull, 379 

orbit, 380 



Framboesia tropica, 288 

Freckles, 316 

Frontal sinus, diseases of the, 450 

empyema of the, 451 
Frost's operation, 241 
Fucks' shield, 236 

Functional testing of the eyes, 765 
Fundus, examination of the, 766 
Furuncle of the skin of the lid, 283 
Fusion, involuntary effort of, 538 
Fusion movements, 541 

power of, 557 

Galvanic cautery in trachoma, 124 

in ulcus serpens, 154 
Gangrene of the conjunctiva, 58 

eyelids, 287 
Gerontoxon of the cornea, 15 
Glanders of the eyelids, 286 
Glands, Krause's, 2, 277, 280 
lacrymal, 416 
adenitis of the, 437 
adenoma of the, 437 
Maws', 2 

Meibomian, 2, 4, 5, 277 
adenoma of the, 280 
infarcts of lime in, 52 
Moll's, 277 
sebaceous, 277 
Zeiss', 277 
Glassblowers' cataract, 256 
Glasses, concave, 770 
convex, 768 

correction of astigmatism by, 834 
of hypermetropia by, 828 
of myopia by, 802 
cylindrical, 834 
fitting of, 854 
measurement of, 768 
numbering of, 768 
presbyopic, 794 
protective, 376 
Glaucoma, 472 
absolute, 492 
acute, 472 
after contusions, 339 
attack of, 474 
arterial pulse in, 478 
chronic, 479 

cup of optic nerve in, 481 
cyclodialysis for, 503 
degeneration of the cornea in, 493 
differential diagnosis of, 494 
early presbyopia in, 476 
excavation of the optic nerve in, 481 
field of vision in, 486 
fulminating, 474 
infantile, 529 
inflammatory, acute, 474 

chronic, 479 
iridectomy for, 497 
complications of, 501 
consequences of, 501 
effects of, 499 
technique of, 498 
mydriasis in, 475 

pathogenesis of, loss of the elasticity of the 
capsule theory, 528 
retention theories, 524 
secretion theory, 526 
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Glaucoma, pathology of, 480 
photopsia in, 477 
primary, 474 
prodromal stage of, 476 
pulsation of the central artery of the retina 

in, 478 
sclerotomy for, 505 
secondary, 5b 1 
after contusions, 339 
after extraction of cataract, 239 
rare forms of, 534 
simplex, 484 

sinus of the anterior chamber in, 482 
treatment of, 486 
Glioma of the orbit, 760 
retina, 758 
course of, 759 
diagnosis of, 761 
findings on autopsy, 763 
pathology of, 761 
prognosis of, 761 
recurrence of, 761, 763 
stages of, 759 
Gonococci, 64 

metastases of, 76 
Gonorrhoeal conjunctivitis, 63, 73 
iritis, 177 

joint affect ions, 67, 76 
Gout, iritis due to, 179 

scleritis due to, 415 
Oram negative diplococci, 76 
Oram's stain, 41 

Granular conjunctivitis. See Trachoma 
Granulation tumors of the conjunctiva, 91, 102 
Granules in atropin catarrh, 114, 130 
in simple conjunctivitis, 114, 129 
in trachoma, 115 
Qratiolet's optic radiation, 665 
Graves' disease, 465 
Group syphilide of the iris, 185 
Gumma of the chorioid, 703 
ciliary body, 183 
conjunctiva, 97 
eyelids, 309 
iris, 183 

Habit chorea, 659 

Habit spasm, 659 

Habitus glaucomatosus, 479 

scrofulosus, 134 
Hematoma of the sheath of the optic nerve, 

384 
Haemophilia, 739 
Haemophthalmos, 327 
Halter's circular arterial plexus, 710 
Halo glaucomatosus, 483 
Hay fever, 8 

Heat, opacification of the lens by, 258 
Hemeralopia, 732 
Hemianopsia, 665 

binasal, 666 

bitemporal, 665 

complete, 666 

cortical, 667 

heteronymous, 665 

homonymous, 666 

in whooping cough, 88 

incomplete, 667 

reflex, 668 

tractus, 666 



Hemiatrophia facialis, 317 
Hemicrania, 631 
Hemiplegia alternans, 608 
Hemorrhage into the orbit, 378 
sheath of the optic nerve, 384 
skin of the lid, 281 
vitreous, 411 

intraocular, 149 

subconjunctival, 87 
Hereditary myopia, 811 

optic neuritis, 714 

syphilis, 165 
Bering's test with falling bodies, 392, 542 
Herpes cornea?, 170 

simplex, 652 
of the eyelids, 653 

zoster ophthalmicus, 653 
complications of, 654 
Herschell's prism, 545 
Heteronymous hemianopsia, 665 
Heterophoria, 547 

tests for, 548 

treatment of, ' 550 
Highmore, empyema of the antrum of, 459 
Hipp us i rid is, 582 
Hole in the macula, 336 
Holmgren's wools, 844 
Holocain, 846 
Homatropin, 591 
Homonymous hemianopsia, 666 

in whooping cough, 88 
Hordeolum externum, 283 

internum, 280 

Meibomianum, 280 
Horner's muscle, 277 
Horner's symptom complex, 615, 633 
Hutchinson's teeth, 165 

triad, 165 
Hyaline degeneration of the cornea, 98 
Hydrargyrum bichloratum, 47 

oxycy ana turn, 47 

oxydutum flavum, 141 
Hydrocephalus, 682 

choked disc in, 682 

ocular symptoms of, 682 
Hydrophthalmos congenitus, 529 
Hydrops of the sheath of the optic nerve 

721 
Hyoscin, 591 
Hyoscyamin, 591 

Hyperemia of the eyelids, 281, 282 
Hypermetropia, 781 

apparent optic neuritis in, 829 

axial, 781 

course of the rays of light in, 781, 797 

determination o1 f 781 

in aphakia, 243 

latent, 827 

manifest, 827 

measurement of, 797 

total, 827 
Hyperphoria, 550 
Hypertrichosis, 293 
Hyphema, 332 
Hypopyon, 21 

in ulcus serpens, 151 

keratitis 32, 145, 151, 160 
Hypotomy, 537 

after contusions, 339 
Hypotrichosis, 294 
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Hysteria and diseases of the ere, 3B6 
ptosis in, 615 
pupils in, MS 
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lemnargan, 50 
IcfathyoT ointment, 55 
Identical points, 540 
Illumination, focal, 14, 765 
Image, inverted, 766 

upright, 767 
Images, lenticular, 25, 27 

Furkiujes. 25 

retinal, 773 
disparation of the, 541 
Imbibition of blood by the cornea, SSI 
Immobility of the pupil, 579 

absolute, 580 

amaurotic, 579 

hemianopic, 667 

reflex, 580 
Index of refraction of the aqueous, 772 

cornea, 772 

lens, 772 

vitreous, 772 
Infantile catarrh, 76 

etiology of, 76 
Infarcts of lime in the conjunctiva, £3 

Meibomian glands, 52 
Infection, 347 

after extraction of cataract, 240 

after wounds, 347 
course of, 318 

intraocular, 318 

pathology of, 319 

primary, 318 

secondary, 319 

treatment of, 351 
Infiltration of the cornea, 32 

in scleritis, 414 
Inflammation, sympathetic. See Sympathetic 

iridocyclitis 
Influenzal conjunctivitis, 43 

optic neuritis, 714 
Injection, conjunctival, SO 

ciliary, 30 

pericorneal, 30 
Injections subconjunctival, 411 
Injuries of the eye, 320 

and keratitis parenchymatosa, 403 

and syphilis, 403 

and trachoma, 401 

and tuberculosis, 402 

and tumors, 405 

causes of, 320 

contusions, 326 

erosions, 324 

frequency of, 320 

judicial opinion concerning, 388 

perforating wounds, 345, 347 

prophylaxis of, 376 

protective dressings for, 323 

superficial, 321 
Injuries of the skull, lesions of the nerves of 
the ocular muscles, 385 

optic nerve, 383 

optic tract, 385 
Instillations, 73 

Insufficiency of the obliques, 862 
Intercalary staphyloma, 149 
Intermittent ophthalmomalacia, 536 



Interstitial ke r atitis . See Keratitis pa: 

chymatosa 
Intraocular fluid. See Fluid, 

hemorrhage, 149 

in ulcer of the cornea, 149 

tension, 519 
Inversion of the iris, 333 
Inverted image, 766 
Iodide of potassium, 164, 411 
Iodoform, 154 

Iridectomy for glaucoma, 497 
complications of, 501 
consequences of, 501 
effects of, 499 
technique of, 498 

optic, 158 
Irideremia, traumatic, 336 
Iridorhoriotditis 700 
Iridocyclitis, 20 

after extraction of cataract, 240 

blood vessels in the cornea in, 39 

sympathetic 354 
Iridodialysis, 332 
Iridodonesis, 242 
Iris, 15 

absence of, 326 

anatomy of the, 15 

atrophy of the, 178 

bombe, 20 

changes in diabetes, 255 

cotoboma of the, 588 

color of the, 16 

contraction furrows of the, 17 

crvpts of the, 17 

cysts of the, 406 

discoloration of the, 18 

early papule of the. 184 

exclusion of the pupil, 19 

formation of exudate in the, 18 

group syphilid* of the, 185 

gumma of the, 183 

inflammation of the, 17 

inversion of the, 334 

lacerations of the, 333 

lacuna* of the, 17 

late papule of the, 184 

major circle of the, 17 

markings of the, 16 

minor circle of the, 17 

movements of the, 574 

nevus of the, 16 

occlusion of the pupil, 19 

prolapse of, 148, 238 

relief of the, 16 

retroflexion of the, 334 

ruff of the, 17 

sarcoma of the, 704 

seclusion of the pupil, 19 

synechia? of the, 19 

syphilis of the, 180 

tremulous 339 

tuberculosis of the, 191 

tumors of the, 704 
Iritis 173 

cardinal symptoms of, 173 

diabetic, 180 

fibrinous 181 

gonorrheal, 177 

papular, 182 

rheumatic, 173 
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Iritis, serous, 21 

syphilitic, 180 

tuberculous, 191 

uric, 179 
Irritation, sympathetic, 368 
Isolated ptosis, 620 
Itrol, 50 

Jackson's rotary prism, o60 
Jequiritol, 167 

treatment with, 167 
Joint affections in gonorrhoea, 67, 76 
Judicial opinion concerning injuries of the eye, 
388, 392, 39.;, 397 

Kalium permanganatum, 47 
Keratectasia e panno, 109. 

ex ulcere, 66, 147 
Keratitis annularis, 163 

bullous, 484, 493 

dendritica, 169 

disci f ormis, 171 

ecsematosa, 133 

e lagophthalmo, 635 

fascicularis, 37, 133 

hypopyon, 82, 145, 151, 160 
. interstitialis, 161 

luetica, 164 

lymphatic, 133 

marginal, 33, 145 

neuroparalytic, 649 
clinical picture of, 640 
origin of, 650 

parenchymatosa, 161 
abnormal forms of, 163 
blood vessels in, 163 
clinical picture of, 163 
course of, 163 
etiology of, 164 
traumatism and, 403 
treatment of, 164 

phlyctenular, 133 

pustular, 133 

sclerosing, 414 

scrofulous, 161 

superficial, 169 

purulent, 31, 145, 160 

tuberculous, 164 

vesicular, 169 
Keratocele, 147 
Keratoconjunctivitis eczematosa, 130 

clinical picture of, 130 

course of, 138 

etiology of, 136 

habitus scrofulosum 134 

treatment of, 136 
Keratoconus, 170 
Keratoglobus, 170 
Keratomalacia, 144 

clinical picture of, 143 

prognosis of, 143 

treatment of, 143 
Keratonyxis, 333 
Keratoplasty, 166 
Keratoscope, 13 
Keratoscopy, 13, 15 
Kidney diseases and the eye, 746, 749 
Koch-Weeks' bacilli in conjunctivitis, 43, 45 
Krause's glands, 2, 377, 280 
Kroenlein's operation, 460 



Lacrymal duct, 417 
fistula, 434 

capillary, 435 
fluid, 417 

bactericide action of the, 417 
composition of the, 417 
conduction of the, 430 
gland, 416 

abscess of the, 437 
adenitis of the, 436 
adenoma of the, 437 
anatomy of the, 416 
function of the, 418 
inflammation of the, 436 
lymphoma of the, 437 
mumps of the, 437 
orbital, 416 
palpebral, 416 
tumors of the, 437 
organs, 416 
anatomy of the, 416 
concrements in the, 433 
diseases of the, 416 
tuberculosis of the, 438 
papilla 3 , 417 
passage, 417 
congenital stenosis of the, 78 
epiphora, 433 
strictures of the, 433 
causes of, 433 
treatment of, 424 
puncta, 417 

anatomy of the, 417 
atresia of the, 433 
eversion of the, 51, 433 
sac, 417 
abscess of the, 431 
anatomy of the, 417 
blennorrhea of the, 437 
catarrh of the, 437 

congenital, 431 
cellulitis of the, 431 
dacryocystitis, 426 
chronic catarrhal, 436 
phlegmonous, 431 
extirpation of the, 429 
in ulcus serpens, 159 
fistula of the, 434 

capillary, 435 
inflammation of the, 426, 431 
suppuration of the, 431 
in ulcus serpens, 150 
Lactation, diseases of the eyes in, 713 
Lactic acid, 104 
Lagophthalmos, 396 
in exophthalmic goitre, 466 
in facial paresis, 636 
Lamellar cataract, 363 

clinical picture of, 363 
etiology of, 367 
pathology of, 366 
• rudimentary, 363 
treatment of, 364 
vessels, 38 
Lamina crihrosa, 483, 710 

elastic of the chorioid, 699 
Landolt's rings, 777 
Landry's paralysis, 690 
Lapis mitiaratus, 300 
Lassar's paste, 140 
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Lead poisoning, choked disc in, 791 

retrobulbar neuritis in, 719 
Lens, crystalline, 22 
abscess of the, 353 
absence of the, 949 
anatomy of the normal, 99 
anterior polar cataract, 968 
anterior surface of the, 22 
appropriation of nutritive material by 

the, 201 
•capsular cataract, 968 
•capsule of the, 22 
cataract. See Cataract 
coloboma of the, 974 
color of the, 95 
•couching of the, 939 
delivery of the, 931 
depression of the, 939 
diabetic cataract, 951 
discission of the, 947, 965 
diseases of the, 197 
dislocation of the, 67, 149, 979, 396, 

339 
ectopia of the, 979 
embryology of the, 971 
epithelium of the, 93 
equator of the, 99 

extraction of the. See Extraction of cat- 
aract 
fibres of the, 93 
growth of the, 94 
index of refraction of the, 779 
injuries of the, 947 
lamellar cataract, 963 
lenticonus, 973 
luxation of the, 396, 339 

in ulcer of the cornea, 67, 149 
margin of the, 99, 96 

in luxation, 340 
metabolism of the, 903 
naphthalinic cataract, 961 
nuclear images of the, 97 
nucleus of the, 95 
nutrition of the, 197 
opacification by cold, 957 

heat, 258 

salt, 258 
opacities after contusions, 343 

caused by poisons, 961 
physiology of the, 94 
pole of the eye, anterior, 99 

posterior, 22 
posterior polar cataract, 969 
posterior surface of the, 99 
protoplasm of the, 203 
inclination of the, 232 
reflex images of the, 25 
sclerosis of the, 25 
senile reflex of the, 96 
subluxation of the, 339 
substances appropriated by the, 909 
thickness of the, 94 
total cataract, 971 
vesicle, separation of the, 971 
volume of the, 94 
weight of, 94 
with double focus, 905 
wounded, 249 

yellow discoloration of the, 250 
unit, 769 



Lenses, concave, 770 

convex, 768 

numbering of, 768 
Lens measure, 771 
Lenticonus anterior, 974 

false, 206, 273 

posterior, 973 
Lenticular astigmatism, 831 

myopia, 959 
Lepra of the eyelids, 988 
Leucaemia, exophthalmos in, 437 

retinitis in, 749 
Leucoma, 146 

adherens, 147 

cornea?, 34 
Leucosis of the cilia, 990 
Levator palpebral 615 

advancement of the, 695 

function of the, 633 

paresis of the, 615, 693 
Lichen ruber planus, 988 
Lid closure reaction, 577 
Lids. See Eyelids 
Ligamentum canthi internum, 989 

suspensorium lentis, 23 
Light, reactions of the pupils to, 575 
Light sense, 840 

disturbances of the, 840 

test of the, 840 
Light, subjective sensations of, 493 
Limbus cornea?, 13 
Lime burns, 325 
Linear extraction, 249, 265 

indications for, 249' 

technique of, 249 
Lipodermoid of the caruncle, 90, 104 

conjunctiva, 90 
Lipoma of the conjunctiva, 90 

eyelids, 313 
Little's disease, 689 
Localization of diseases and tumors of the 

brain, 669 
Lues. See Syphilis 
Lupus of the conjunctiva, 99, 306 

eyelids, 988 

lacrymal sac, 498 
Luxation of the eyeball, 381 

lens, 339 

congenital, 972 

from ulcer of the cornea, 67, 149 
into the anterior chamber, 342 
subconjunctival, 327 
traumatic, 339 
Lymphangioma, 91 
Lymph cysts of the conjunctiva, 92 
Lymphoma of th. lacrymal gland, 437 

orbit, 456 

Macule cornee, 34 . 
Macula lutea, 731 

changes in myopia, 804 
senile degeneration, 751 
traumatisms, 336 

double blood supply of the, 739 

hole in the, 336 

preservation of the, 667 
Maddox' rod, 539 

tangent scale, 539 
Magnet extraction of foreign bodies, S76 
Malaria, 88 
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Malformations of the eyelids: ankyloblepharon, 
97, 995; coloboma, 318; distichiasis, 
110; ectropion, 998; entropion, 303; 
epicanthus, 317 
Malformations of the eyes, 104 
Maws' glands, 9 
Marginal keratitis, 39, 145 
Massage cataract, 959 
of the eyes, 54, 191, 169 
in trachoma, 191 
Maxillary antrum, diseases of the, 459 
Measles, 714 

Medulla ted nerve fibres in the retina, 746 
Megalocornea, 599 
Megalophthalmos, 599 
Meibomian glands, 978 
adenoma of the, 980 
concrements in the, 979 
cysts of the, 979 
occlusion of the, 979 
Meiosis, 589 

in morphin poisoning, 586 
in tabes, 586 
traumatic, 334 
Meiotics, £92 
Melanosarcoma of the chorioid, 703 

conjunctiva, 93 
Melanosis, 399 
Membrane, Bowman's, 10 
Descemet's, 10 

formation on the conjunctiva, 57, 61, 75 
Meningitis, epidemic cerebrospinal, 680 
ocular symptoms of, 679 
gummatous basal, 619, 791 
otogenous purulent, 681 
tuberculous, 679 
Meningocele of the orbit, 458 
Meningococcus intracellularis Weichselbaumii, 

77 
Menstruation, 87 
Metamorphopsia, 739 
Metastases of gonococci, 76 
Metastatic gonorrhoeal conjunctivitis, 76 
ophthalmia, 700 

theory of sympathetic iridocyclitis, 368 
Meter angle, 543 
Meter lens, 769 
Method, direct, 767 

indirect, 766 
Micrococcus catarrhalis, 77 
Microphthalmos, 104 
Micropsia, 739 
Microscope, corneal, 15 
Migration theory of sympathetic iridocyclitis, 

363 
Milium of the eyelids, 317 
Minimum separabile, 775 
Modified cilioneural theory of sympathetic 

iridocyclitis, 366 
Moll's glands, 977 
Molluscum contagiosum, 983 
Monocular bandage, 393 
Morbus maculosus, 739 
morgagnian cataract, 910 
Morphin, meiosis caused by, 586 
Motility, disturbances of, 593 
Mucocele of the ethmoidal cells, 450 

frontal sinus, 450 
Mueller's portion of the ciliary muscle, 785 
Mules' operation, 941 



Multiple sclerosis, changes in the optic nerve 
in, 699 

disturbances of the ocular muscles in, 694 

ocular symptoms of, 690 

ptosis in, 691 

pupils in, 695 

visual troubles in, 699 
Mumps of the lacrymal gland, 437 
Muscae volitantes, 409 
Muscle, Bruecke's, 785 

ciliary, 785 

Horner's, 977 

Muellefs t 785 
Muscles, extrinsic, of the eyes, 593 
action of the, 594 
anatomy of the, 593 
nerves that supply the, 593, 604 

injuries of the, 385 
nuclei of the, 604 
paralysis of the. See Paresis 

of the eyelids, 633 
Muscular tremor, 657 
Mycoses of the cilia, 991 
Mycosis fungoides, 988 
Mydriasis caused by contusion, 333 

paresis of the sphincter pupillae, 333 
stimulation of the dilatator, 589 

in epilepsy, 585 

in glaucoma, 475 

traumatic, 333 
Mydriatics, 590 
Myelitis, 696 
Myokymia, 657 
Myopia, 801 

axial, 804 

corneal, 801, 814 

correction with glasses, 780 

course of the rays of light in, 780, 809 

detachment of the retina in, 755 

determination of, 779 

far point in, 780 

form of the eyeball in, 801 

hereditary, 811 

in diabetes, 959 

lenticular, 801 

opacities in the vitreous in, 409 

operative treatment of, 819 

ophthalmoscopic changes in, 803 

pathogenesis of, 804 

prevention of, 813 

school, 805 

treatment of, 813, 819 
Myosarcoma of the orbit, 459 
Myxoedema, 317 

Nevus of the conjunctiva, 99 

eyelids, 319 

iris, 16 
Naphthalinic cataract, 961 
Narcosis, 585 
Nasal asthenopia, 865 
Nasolacrimal duct, 418 
Natrium biboracicum, 53 
Near point, 788 
Nearsightedness. See Myopia 
Necrosis of the eyelids, 986 ' 

Neisser's granule stain, 59 
Nephritis, albuminuric retinitis in, 750 

choked disc in, 791 
Nerve fibres, medullated, 746 
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Nerve, abducens, 606 
ciliary, 647 
lacrymal, 646 
nasociliary, 646 
oculomotor, 606 
optic, 710 
supraorbital, 646 
trigeminus, 646 
trochlear, 606 
Nerve tracts for the movements of the eyes, 

605 
Neuralgia, ciliary, 478 
trigeminal, 647 
etiology of, 648 
Neuritic atrophy of the optic nerve, 683 
Neuritis, optic. See Optic neuritis 
retrobulbar, 717 
acute, 719 
chronic, 717 
etiology of, 718 
pathology of, 717 
prognosis of, 718 
symptomatology of, 717 
treatment of, 718 
Neurofibroma, plexiform of the eyelids, 313 

orbit, 458 
Neurology of the eye, 646 
Neuroretinitis, 747 
Neuroses, concentric contraction of the visual 

field in traumatic, 386 
Neurotomy, opticociliary, 371, 651 
Neutralization, method of, 770 
Nicotine poisoning, 718 
Nictitating membrane, 4 
Nodal point, 779 
Normal eye, 771 
Nose, eyespot of the, 866 
Nuclear cataract, 212 
Nuclear pareses, 609 
Nuclei of the ocular muscles, 605 
Nucleus of the lens, reflex of the, 27 
Nyctalopia, 717, 841 
Nystagmoid twitchings, 695 
Nystagmus, 695 
in hydrocephalus, 683 

Obliquus inferior, 594 
paresis ot 9 603 
superior, 594 
paresis of, 603 
Occlusion of the central artery of the retina, 
743 
vein of the retina, 741 
pupil, 19 
Oculomotor nerve, 606 
nucleus of the, 605 
paresis of the, 603 
recurrent, 631 
(Edema of the eyelids, 283 

retina, 336 
Ointment, Pagenstecher's, 141 
yellow oxide, 141 
sine ichthyol, 55 
Opacities of the cornea, 28, 34 

vitreous, 409 
Operation, Bowman's, 424 
Frost'*, 241 
Kroenlein's, 460 

Mules', 241 % 

Smith's, 247 



Ophthalmia metastatica, 70 

neonatorum, 66 

nodosa, 84 

purulenta anterior, 348 
posterior, 348 
Ophthalmodynamometer, 544 
Ophthalmomalacia, 537 

intermittent, 536 
Ophthalmometer, 833 
Ophthalmometry, 833 
Ophthalmoplegia, 609 

acquired, 611 

acute, 611 

chronic, 613 

congenital, 610 

external, 610 

internal, 610 

in alcoholism, 611 

in exophthalmic goitre, 469 

in infections, 612 

in intoxications, 611 

in progressive paralysis, 614 

in tabes, 614 

in traumatisms, 613 

total, 610 
Ophthalmoscope, 766 
Ophthalmoscopy, 766 
Optical centre of a lens, 769 
Optic foramen, 710 
Optic nerve, anatomy of the, 710 

atrophy of the. See Atrophy of the optic 
nerve 

cavernous disease of the, 482 

chiasm of the, 664 

course of the fibres of the, 664 

cup of the, 535 

degeneration of the, 686, 714 

excavation of the, 535 
atrophic, 536 
glaucomatous, 481, 536 
physiological, 535 

ganglia of the, 665 

hemorrhage into the sheath of the, 384 

hydrops vagina;, 721 

inflammation of the, 711 

lesions of the, in fractures oft the skull, 383 
central tract of the, 385 

medulla ted fibres of the, 746 

paleness of the temporal side of the head of 
the, 717 

papillomacular bundle of fibres in the, 718 

roots of the, 665 

semidecussation of the, 664 

sheaths of the, 710 

tumors of the, 460 
Optic iridectomy, 158 
Optic neuritis, 711 

etiology of, 712 

hereditary, 714 

infectious, 714 

in diseases of the brain, 713 

in diseases of metabolism, 713 
of the orbit, 448, 712 

in diphtheria, 714 

in empvema of the accessory sinuses, 459,. 
712 

in hydrocephalus, 682 

in meningitis, 681, 713 

in oxycephalus, 713 

in pneumonia, 714 
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Optic neuritis, in poisoning, 713 

ophthalmoscopic picture of, 711 

pathology of, 711 
Optic radiation, Gratioht's, 665 

tract, 661 
lesions in traumatisms of the skull, 385 
Optic vesicle, primary, 271 

secondary,* 271 
Ora serrata, 23, 731 
Orbicularis oculi, 655 

physiological importance of the, 655 
, spasm of the, 657 
Orbit, angioma of the, 457 

carcinoma of the, 459 

cellulitis of the, 445 

contusions of the, 378 

cysticercus of the, 457 

cysts of the, 457 

dermoid of the, 457 

diseases of the, 438 
diagnosis of, 441 

diseases of the accessory sinuses, 450 

echinococcus of the, 457 

emphysema of the, 379 

encephalocele of the, 458 

endothelioma of the, 459 

enophthalmos, 382 

exophthalmos, 438 

exostosis of the, 459 

fibrosarcoma of the, 459 

fractures of the, 380 

glioma of the, 760 

hemorrhages into the, 378 

lymphoma of the, 456 

meningocele of the, 458 

myxosarcoma of the, 459 

osteitis of the, 448 

osteoma of the, 459 

oxycephalic, 470 

periostitis of the, 448 

plexiform neuroma, 458 

sarcoma of the, 459 

from sarcoma of the chorioid, 707 

syphilis of the, 449 

thrombophlebitis of the, 445 

tuberculosis of the, 443 

tumors of the, 455 

vascular anomalies in the, 462 

vascular growths in the, 457 
Orbital cellulitis, 445 
Orthophoria, 539 
Osteitis of the orbit, 448 
Osteoma of the conjunctiva, 91 

orbit, 459 
Otitis media, 165, 681, 697 
Oxycephalic 470 

Pagenstecher's ointment, 141 
Palliative trephining for choked disc, 727 
Palpation of the sclera with a probe,* 755 
Palpebral fissure, 633 

stenosis of the, 295 
Palpebra tertia, 4 
Pannus, 35, 109 

crassus, 109 

differential diagnosis of, 113 

eczematous, 35, 134 

glaucomatous, 35, 483 

pathology of, 109 

regenerative, 36 



Pannus tenuis, 109 

trachomatous, 35 
Panophthalmitis after extraction of cataract, 
240 

wounds* 348 
Papilla, oedema of the, 711, 719 

paleness of the temporal side of the, 717 

papillomacular bundle of fibres in the, 718 

pigmentation of the, 385 
Papillary hypertrophy in chronic conjunctivi- 
tis, 50 

in gonorrhoeal conjunctivitis, 66 

in trachoma, 109 
Papillitis, 719 

Papilloma of the conjunctiva, 91 
Papillomacular bundle of fibres, 718 

disease of the, 717 
Papilloretinitis, sympathetic, 360 
Papules of the eyelid, 308 

iris, 184 
Paracentesis of the anterior chamber, 154 

cornea, 154 
Parallactic displacement, 766 
Parallax test, 860 
Paralysis, Landry'*, 690 

progressive, 587, 715 
Paraphenylendiamin, 470 
Parasites in the vitreous, 412 
Parenchyma of the cornea, 10 
Parenchymatous keratitis. See Keratitis par- 

enchymatosa 
Pareses of the ocular muscles, 593 

analysis of the, 599 

associated, 607 

basal, 608 

congenital, 610 

diplopia in, 593, 600 

disturbances of orientation in, 599 

dizziness with, 599 

in arteriosclerosis, 642 

in hemiplegia alternans, 608 

in lesions of the centres of higher rank, 607 
nuclei, 608 

in tabes, 685 

nuclear, 608 

orbital, 608 

position of the head in, 599 

prognosis of, 644 

strabismus from, 596 

symptoms of, 602 

treatment of, 645 
Paresis, general, 587, 715 

of the abducens, 600 

of the accommodation after diphtheria, 629 
facial nerve, 635 
levator palpebral, 615 
Paresis of the obliquus inferior, 603 
superior, 603 

oculomotor nerve, 603 
recurrent, 631 

rectus extern us, 600 
inferior, 603 
internus, 602 
superior, 602 

sympathetic nerve, 632 

importance and etiology of, 635 
ocular symptoms of, 634 

trigeminus, 649 

trochlear nerve, 696 
Paretic strabismus, 596 
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Parinaud's conjunctivitis, 100 

Parotitis, 437 

Paste, Lassar's, 140 

Patch, 393 

Paving stone proliferations in vernal catarrh, 79 

Pearl cysts, 407 

Pediculosis of the eyelids, 991 

Pedunculi, 679 

Pemphigus of the conjunctiva, 97 

eyelids, 984 
Perception of depth, 393 

loss of, 393 

test of, 399 
Perforation cataract, 353 

of the cornea by an ulcer, 147 
a wound, 345 
Pericorneal injection, 30 
Perifolliculitis, 991 
Perimeter, 837, 861 
Perimetry, 838 
Periostitis of the orbit, 448 
Perivasculitis, 741 
Pernicious anemia, 739 
Pertussis, conjunctival hemorrhages in, 88 
Petit' t canal, 93 
Phlyctenular, 131 

broad, 139 

sand grain, 139 
Phlyctenular conjunctivitis and keratitis. See 

Keratoconjunctivitis eczema tosa 
Phorometer, 559, 859 
Photometer, Foerster's, 840 
Photopsia, 493 

in glaucoma, 477 
Phthisis bulbi, 91 

caused by blennorrhea, 66 

dolorosa, 358 

essential, 536 
Phthisis cornea;, 148 
Physiological excavation, 535 
Physostigmin, 599 
Pial sheath, 710 
Pigmentation of the conjunctiva, 399 

papilla, 385 

retina, 733 
Pigment cells of the uvea, 703 
Pigment degeneration of the retina. 734 

course of, 735 

etiology of, 736 

pathology of, 735 

prognosis of, 737 
Pigment epithelium, 709, 730 

spots on the retina, 733 
Pilocarpin, 599 
Pinguecula, 89 
Pityriasis rubra, 988 
Placido's disc, 13 
Plastic operations on the conjunctiva, 347 

eyelids, 301, 309 
Plexiform neurofibroma, 448 
Plexus, Holler's circular arterial, 710 

Z inn's circular arterial, 710 
Plica semilunaris, 104 

diseases of the, 104 
Pneumococcal conjunctivitis, 44 

complications of, 45 

course of, 44 

hemorrhages in, 44 

membrane formation in, 45 

transmission of, 45 



Pneumococcal conjunctivitis, treatment of, 46 
Pneumococcal ulcer of the cornea. See Ulcus 

serpens 
Pneumonia, optic neuritis in, 714 
Point, far, 779 

near, 788 
Points, identical, 540 
Poisoning by carbon bisulphide, 719 

ptomaine, 619 
Polar cataract, anterior, 368 

posterior, 369 
Poliomyelitis anterior, 689 
Poliosis of the cilia, 990 
Polyopia, 907 

Polypoid tumors of the conjunctiva, 91 
Polytrichia, 994 
Pons, diseases of the, 676, 678 

tumors of the, 673, 677 
Posterior chamber, 19 

polar cataract, 969 

synechia?, 19 
Postoperative infection, 940 
Potassium iodide, 164, 411 
Powder grains in the lens, 950 
Powders: calomel, 141; iodoform, 154 
Precipitates, 91 
Presbyopia, 793 

early in glaucoma, 476 

glasses for, 794 
Preservation of the macula, 667 
Pressure atrophy, 489 

bandage, 333 
Primary atrophy of the optic nerve, 714 
Principal focal distance, 769 

negative, 770 
Principal focus of a lens, 769 
Prismatic displacement, 771 
Prisms, 550 
Probes, Bowman's, 434 

Progressive paralysis, atrophy of the optic 
nerve in, 715 

ptosis in, 587 

pupils in, 587 
Projection, 336 

test of the, 336, 837 
Prolapse of the iris in extraction of cataract, 
338 

in ulcer of the cornea, 148 

in wounds of the eye, 345 
Protargol, 50 
Protective spectacles, 376 
Prothesis, 394 

Protrusion of the eyeball. See Exophthalmos 
PseudocatararL 906* 

Pseudodiphtheria bacilli, 59 
Pseudoglioma, 700 
Pseudogonococci, 77 
Pseudomembranous conjunctivitis, 57 
Pseudoneuritis, 839 
Pseudopterygium, 83 
Pseudoptosis, 615 
Psoriasis vulgaris, 388 
Psychical blindness, 661 

disturbances after extraction of cataract, 
339 
Pterygium, 81 

cicatricial, 83 

clinical picture of, 83 

operation for, 84 

pathogenesis of, 83 
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Ptosis, 615 
acquired, 615 
after traumatism, 617 
clinical picture of, 693 
congenital, 633 
in abscess of the brain, 693 
in chronic progressive ophthalmoplegia, 690 
in hysteria, 615 
in infectious diseases, 616 
in intoxications, 616 
• in multiple sclerosis, 631 
in progressive paralysis, 691 
in syphilis, 618 
in tabes, 691 
in trachoma, 105 
in tumors of the brain, 699 
isolated bilateral, 690 
operation for, 696 
spastic, 615 
treatment of, 625 
Puerperium, metastatic ophthalmia in the, 701 
Pulsating exophthalmos, 469 
Pulsation of the central artery of the retina 

in glaucoma, 478 > 
Puncta lacrimalia, 417 
Punctum proximum, 788 

remotum, 779 
Puncture of the anterior chamber, 154 

corpus callosum, 797 
Pupil, 573 
anisocoria, 579 
aural reflex of the, 577 
change of form of the, 573 
crater, 90 

exclusion of the, 19 
form and size of the, 573 
immobility of the, absolute, 580 

amaurotic, 579 

reflex, 580 
in atrophy of the optic nerve, 589 
in choked disc, 589 

in diseases of the central nervous system, 
583 

eye, 587 
in progressive paralysis, 587 
in syphilis of the nervous system, 586 
in tabes, 586 
irregular, 19 

mechanism of the movements of the iris, 574 
occlusion of the, 19 
quickly changing, 589 
reactions of the, 574 

aural, 577 

consensual, 575 

convergence, 576 

direct, 575 

hemianopic, 667 

indirect, 575 

myotonic, 684 

paradoxical, 583, 685 

to the closure of the lids, 577 

to light, 575 

trigeminal and facial, 577 
reactions of the normal, 574 
reactive contractions of the, 574 

dilatations of the, 574 
seclusion of the, 19 
test of the reactions of the, 578 
Pupillometer, 578 
PukinjeSanson's images, 35 



Purple, visual, 840 
Pyramidal cataract, 969 

Quadrant hemianopsia, 667 
Quincke's disease, 981 
Quinine, 55 

Range of accommodation, 788 
Rays of light, course in astigmatism, 890 
in emmetropia, 779 
in hypermetropia, 896 
in myopia, 779, 809 
Reaction, complement fixation, 186 
Reactions of the pupils. See Pupils 
Reclination of cataract, 939 
Rectus externus, 593 
paresis of, 600 
inferior, 594 

paresis of, 603 
internus, 593 

pareses of, 609 
superior, 594 
pareses of, 609 
Recurrent erosion, 394 
hemorrhage into the vitreous, 411 
oculomotor paresis, 631 
Red-green blindness, 843 
Reduced eye, 771 
Reflex arch, Weiss', 804 

aural, 577 
Reflex immobility of the pupil, 580, 683 

reaction of the pupil, 574 
Reflexes of the cornea, 13 
lens, 95 

cortex of the lens, 97 
nucleus of the lens, 97 
Refraction, 773, 779 
determination of the, 773, 795 
hypermetropic, 781 
index of the aqueous, 779 
cornea, 779 
lens, 779 
vitreous, 779 
law of, 768 
myopic, 779 
Refractive power, 769 
Resection, opticociliary, 371 

temporary, of the wall of the orbit, 460 
Retention theories of glaucoma, 594 
Reticulation of DescemeVs membrane, 175 
Retina, anatomy of the, 799 
arterial pulse in the, 476, 478 
atrophy of the, 734 
Berlin's opacity of the, 336 
blood vessels of the, 731 
changes in diabetes, 749 
in nephritis, 750 
in sepsis, 748 
cholesterin crystals in the, 749 
connective tissue proliferation in the, 740 
corresponding places on the, 540 
detachment of the. See Detachment of the 

retina 
diseases of the, 799 
fattv degeneration of the, 750 

infiltration of the, 750 
fovea centralis, 731 
function of the, 730 
glioma of the, 758 
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ftrtfoa, htmtrrrbMfrn into the, 738 
ettotogy of, 730 
ffrrmA of, 73H 
/jpbtb*lmo*copfc picture of % 738 

macula Iwtca, 731 

medulla ted nrrvr fibre* in the, 746 

/edema of the, 330 

pigment degeneration of the, 750 
ftpotft In the, 733 
p*eudoglloma of the, 761 

puliation* in the ve**elft of the, 476 

*upoortirur *ub*tance of the, 730 

varlro*e nv|>ertroi)hy of the, 750 

venouft piif*e in the, 468 

white *pot* in the, 745 
differentiation of, 746 
etiology of, 746 
Itetliiff, abnormal correspondence of the, 556 

commotio, 335 
Retinal Image, 773 

Image*, (llMpiinitlon of the, 541 
Retinitis nlhiinitiiurlc, 747, 750 

rirritifttft, 747 

diabetic. 749 

etiology of, 746 

In nnirmiii, 749 

In nrterloNcleroNlit, 743 

in hereditary MyphlliH, 751 

in Icucvtnlii, 749 

metmitatic, 748 

nephritic, 747, 750 

plgmcntoaa, 750 
glaucoma In, 535 

prollferans 411, 740 

punctata albescens 737 

neptlc, 748 

atrlata, 747 

avphllltlc, 748 
ReJlnoacopy, 798 
Retraction theory of detachment of the retina, 

755 
Retrobulbar neuritis. Nee Neuritis retrobul* 

bar 
Rhachttts lamellar cataract in, 267 

teeth In, 267 
Rhagades 136 
Rheumatic iritis, 173 

clinical picture of, 173 

course of, 174 

pathogenesis of, 175 

treatment of, 175 
Rheumatism, optic neuritis in, 714 
Rhinitis edematous 135 
RMnophvm*. 311 
Rhlnowelerotna, 288 
Rnlers In lamellar cataract, 263 
Ring scotoma* T$2. T3«k 839 
Rings i*«ifo*f a. TTT 
K^/# rotan prism. ?W 
Rod experiment. 5i2 
Itai JtaMo*'. 539 
Rowola* *\philitK\ oi the iris 181 
Rotary prtsinx *W 
Rttf of the iris IT 
Nurture of the chorion). 337 

gh*h*w 3 



£acV* trnnMllvnonator. TM 

S*«h*«4* mctvion for ulcus, widens 154 

Salt* opactncation of the Wn* bj. £5$ 



Sand grain efflorescences, 133 
Sarcoma of the chorioidi, 703 

ciliary body, 704 

conjunctiva, 94 

cornea, 93 

eyelids, 311 

iris, 704 

lacrymal gland, 437 

orbit, 459 

phthisical eyeball, 707 
Scarifications, 55, 124 
Scarlet fever, 284 

nephritis and retinitis following, 750 

optic neuritis in, 714 
Schlemm's canal, 481, 482 
Schmidt-Manz theory concerning choked disc, 

722 
School folliculosis, 129 

hygiene, 816 

myopia, 805 
Scintillating scotoma, 668 
Sclera, 413 

anatomy of the, 413 

diseases of the, 413 

ectasia of the, 414, 760 

rupture of the, 326 

staphyloma of the, 414 
Scleral conjunctiva, 3 
Scleritis, 414 

anterior, 414 

clinical picture of, 414 

course of, 414 

differential diagnosis of, 415 

pathology of, 414 

posterior, 415 

prognosis of, 415 

treatment of, 415 
Scleroderma, 317 
Sclerosing keratitis, 414 
Sclerosis multiple, 690 

of the lens ^5 
Sclerotomy, 505 
Scopolamin. 591 
Scotoma* 838 

absolute, 839 

central. 717. 839 

excentric, 839 

irregular, 839 

negative, 838 

peripheral, 839 

positive, 839 

relative, 839 

ring-shaped, 732, 736, 839 

scintillating, 668 

sectorlike. 839 
Scrofttlosis 134 

appearance of. 135 

symptoms of. 134 
Scrofulous conjunctivitis 130 
Sebaceous glands* 277 
SeborrhdHi of the margin of the eyelid, 388 

oleosa. 289 

sicca, 289 

treatment of. 289 
Sccale cornutumu 55 
Scciusio pupilla\ 19 
Secondary cataract. 245 

operation on. 246 
Secondary contracture. 601 

rlftucccia. 531 
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Secretion theory of detachment of the retina, 

755 
Secretions, examination of, 40 
Semidecussation of the optic nerve, 664 
Senile cataract, 307 

degeneration of the macula, 751 
Sense, disturbances of the color, 841 
Sepsis, retinal hemorrhages in, 748 
Serous cysts of the iris, 406 
Serous iritis, 91 
Serum diagnosis in ophthalmology, 186 

treatment in diphtheria of the conjunctiva, 
60 
in ulcus serpens, 155 
Shadow test, 798 
Sheath, arachnoidal, 710 
dural, 710 
pial, 710 
Shield, Duller' t, 74 
Sideroscope, 375 
Siderosis bulbi, 373 
Silver nitrate, 48 
action of, 48 
contraindications to, 49 
substitutes for, 50 
Simulation of amblyopia of both eyes, 851 
one eye, 849 
blindness of both eyes, 848 

one eye, 848 
traumatic conjunctivitis, 8, 847 
detection of, 847 
Sinuses, accessory, of the nose, 450 
antrum of Highmore, 459 
ethmoidal cells, 459, 453 
frontal sinus, 450 
diseases of the, 450 
empyema of the, 451 
osteoma of the, 459 
maxillary sinus, 459 
sphenoidal sinus, 453 
Sinus of the anterior chamber, 90 

in glaucoma, 489 
Sinus thrombosis, 697 
choked disc in, 697 
marantic, 698 
ocular symptoms of, 697 
otitic, 697 
septic, 698 
Sinusitis frontalis, 450 
Skiascope, 798 
Skiascopy, 798, 856 
Skin diseases of the eyelids, 981, 984, 991, 313, 

317, 653 
Skull, injuries of the, 385 
Small pox, 986 
Snellen's suture, 304 

test types, 775 
Snow blindness, 661 
Solitary tubercle of the iris, 191 

pon&I 677 
Space, Font ana's, 489 

intervaginal, 799 
Spasm of the accommodation, 807, 858 
Spastic spinal paralysis, 689 
Sphincter of the iris, 574 
lacerations of the, 333 
Spinal cord, diseases of the, 683 
Spinal paralysis, acute ascending, 690 
Spindle shaped cataract, 971 
Spirochaeta pallida, 180 



Spot, Bitot's, 144 
Spots, white, in the retina, 745 
differentiation of, 746 
etiolocy of, 746 
pathology of, 746 
Staphylococcal conjunctivitis, 44 
Staphylococci on the normal conjunctiva, 44 
Staphyloma of the cornea, 148 

equatorial, 414 

intercalar, 149 

operation for, 149 

partial, 148 

pathogenesis of, 148 

posterior, 804 

total, 148 

true, 804 
Sttllwag's symptom, 468 
Stenosis of the lacrymal passages, 78, 499 
acquired, 499 
congenital, 78 

palpebral fissure, 995 
Stomach, hemorrhage from the, 713, 739 
Stomatitis from gonorrhoea, 67 
Strabismus, 538. 

alternating, 553 

amblyopic, 561 

angle of, 555 

determination of the, 556 
primary, 557 
secondary, 557 

apparent, 554 

concomitant, 538 

conservative treatment of, 561 

convergent, 553 

cover test of, 554 

deorsumvergens, 550 

divergent, 570 

etiology of convergent, 558 

examination of a case of, 553 

latent, 554 

manifest, 554 

mirror test of, 555 

muscular, 538 

operative treatment of, 565 

paretic, 596 

periodic, 553 

power of fusion, 557 
Streptococcal conjunctivitis, 69 
Streptothrix proliferation, 493 
Strictures of the lacrymal passages, 493 
Stye, 983 
Styles, 496 
Subconjunctival hemorrhages, 87 

injections, 411 
Subepithelial blood vessels, 38 
Subjective sensations of light, 493 
Sublimate ointment, 69 
Subluxation of the lens, 339 

congenital, 979 

traumatic, 339 
Substantia propria cornea*, 10 
Sugillations of the conjunctiva, 87 

eyelids, 981 
Sulcus subtarsalis, 9, 6 
Superficial injuries of the eye, 391 
Superior rectus, 594 

paresis of the, 609 
Supertraction, 804 
Suprachorioidea, 699 
Supraorbital neuralgia, 647 
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Suprarenin, 54 
Sycosis coccogenes, 293 

parasitaria, 291 

staphylogenes, 293 
Symblepharon, 326 

anterius, 326 

posted us, 326 
Sympathetic iridocyclitis, 354 

clinical picture of, 357 

course of, 355 

etiology of, 354 

metastatic theory of, 368 

migration theory of, 363 

modified cilioneural theory of, 366 

papilloretinitis in, 360 

pathogenesis of, 362 

pathology of, 359 

prognosis of, 360 

prophylaxis of, 371 

treatment of, 360 
Sympathetic irritation, 368 

nerve, paresis of the, 632 
Symptom, Von Qraefe'i, 467 

Stellwag's, 468 
Synchlsis scintillans, 410 

of the vitreous, 409 
Synechia?, anterior, 147 

circular, 19 

posterior, 19 
Syphilis, cerebral, 586 

hereditary, 165 

of the chorioid, 703 
conjunctiva, 96 
cornea, 164 
eyelids, 308 
iris, 180 

optic nerve, 714 
orbit, 449 
Syphilitic iritis, 180 
Syringomyelia, 696 

Tabes, 683 

atrophv of the optic nerve in, 686 

field of vision in, 687 

meiosis in, 685 

myotonic pupillary reaction in, 684 

ocular symptoms of, 683 

pareses of the ocular muscles in, 685 

ptosis in, 621 

pupillary phenomena in, 683 

reflex immobility of the pupil in, 683 
Tables, pseudoisochromatic, 844 
Tangent scale of Maddox, 539 
Tannin, 121 

Tariff of indemnities, 399 
Tarsal conjunctiva, 4 
Tarsectomy in trachoma, 128 
Tarsorrhaphy, 297 
Tarsus, 277 

amyloid degeneration of the, 280 

enucleation of the, 128 

gumma of the, 280 

syphilis of the, 280 

trachomatous distortion of the, 110 

trough-shaped, 110 

tuberculosis of the, 280 
Tattooing of the cornea, 158 
Tears, conduction of the, 420 
Teleangiectiasis of the eyelids, 313 
Tenonitis, 445 



Tenotomy, 567 

indications for, 566 

technique of, 567 
Tension, intraocular, 519 
height of the, 520 
increase of the, 532 
influences that act on the, 521 
origin of the, 520 
regulation of the, 523 
test of the, 473, 845 
Teratoma of the orbit, 457 
Test, cover, 554, 859 

touch, 599 
Test types, 776 

Tests for imbalance of the ocular muscles, 859 
Tetanus, 404 
Tetany, cataract in, 256 
Thermophore, 158 
Thrombophlebitis of the cavernous sinus, 444 

central vein, 742 

orbit, 444 
Thrombosis of the central artery of the retina, 
743 
vein of the retina, 742 
orbital veins, 445 
Thyreoidin, 468, 469 
Tincture of eucalyptus, 55 
Tonometer, 845 
Tonometry, 845 
Torsion, 862 
Torticollis, 626 
Total cataract, congenital, 271 

staphyloma, 148 
Toxic amblyopia, 717 

asthenopia, 864 
Toxin, 630 
Toxon, 630 
Trachoma, 105 

bodies, 112 

cicatricial, 107 

clinical picture. of, 105,, 106, 107, 106 

course of, 108 

differential diagnosis of, 112, 114 

etiology of, 111 

expression of, 124 

gelatinous, 107 

granules of, 115 

pannus of, 107, 109 

papillary hypertrophy in, 106 

pathology of, 114 

prophylaxis of, 118 

ptosis in, 109 

sequelae of, 110 

social aspect of, 118 

treatment of, 119 
operative treatment of, 123 

trichiasis in, 107 

ulcers of the cornea in, 110 
Tract, optic, 664 

visual, 663 
Tractns hemianopsia, 666 

opticus, 664 
Transition folds, 4 
Transparency of the cornea, 13, 14 
Transplantation of the cornea, 166 
Traumatic aniridia, 326 

cataract, 247 

complications of, 249 
resorption of, 248 

conjunctivitis, 8 
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Traumatic meiosis, 334 

mydriasis, 333 

neurosis, contraction of the visual field in, 
386 
Tremor, muscular, 657 
Trephining, palliative, for choked disc, 727 
Trichiasis, 294 

operations for, 305 
Trichophyton, 291 
Trigeminus, 646 

and herpes zoster, 652 

course of the, 646 

facial reflex of the, 656 

neuralgia of the, 647 

paresis of the, 649 
causes of, 651 

physiology of the, 647 
Trocnlearis, paresis of the, 626 
Tropometer, 552, 861 

Tubercle bacilli in pus from the lacrymal sac, 
100 

inoculation with, 100 . 
Tuberculin, 19 

diagnostic value of, 193 

therapeutic value of, 195 
Tuberculosis of the brain, 679 

chorioid, 703 

ciliary body, 191 

conjunctiva, 99 
clinical picture of, 99 
course of, 101 
diagnosis of, 100 
pathogenesis, 101 
traumatic, 402 
treatment of, 104 

cornea, 164 

eyelids, 306 

iris, 191 

lacrymal organs, 428 

orbit, 443 

sclera, 193 

tarsus, 193, 280 

uvea, 191 
Tumor of the basis cranii, 675 
Tumor of the brain, 669 

between the cerebellum and the pons, 672 

differential diagnosis of, 669 

localisation by ocular symptoms, 669 

retinitis albuminuria in, 746 
Tumor of the central convolutions, 670 

cerebellum, 675 

cerebral ventricle, 671 

chorioid, 703 

ciliary body, 704 

conjunctiva, 89, 91, 92, 93, 94 

cornea, 94 

corpora quadrigemina, 674 

corpus callosum, 671 

crus cerebri, 672 

eyelids, 309, 312 

frontal portion of the brain, 6R2 

iris, 704 

lacrymal gland, 437 

left temporal lone, 671 

optic nerve, 460 

orbit, 455 

parietal lobe, 671 

pons, 673, 677 

right temporal lobe, 671 

spinal cord, 695 



Tussis convulsiva, conjunctival hemorrhages in,. 
88 
optic neuritis in, 714 
Twitchings, nystagmoid, 695 
Typhoid fever, keratitis e lagophthalmo in, 641 

Ulcer of the conjunctiva, tuberculous, 99 
Ulcers of the cornea, 30, 145 

blennorrhoeal, 146 

catarrhal, 32, 146 

diplobacillus, 160 

eczematous, 32, 145 

e lagophthalmo, 641 

etiology of, 32, 145 

marginal, 32, 146 # 

neuroparalytic, 649 

perforation of, 147 

pneumococcal, 150 

progressive, 31 

regressive, 33 

serpiginous. See Ulcus serpens 

trachomatous, 146 

treatment of, 146 
Ulcus serpens, 150 

cauterisation of, 154 

clinical picture of, 150 

course of, 151 

prophylaxis of, 159 

serum treatment of, 156 

social aspect of, 152 

treatment of, 153 
Ultraviolet rays, 52 
Unit angle, 543, 775 

lens, 769 
Upright image, 767 
Uric acid diathesis, 52 
Urticaria, 285 
Uvea, anatomy of the, 699 
Uveitis, 700 

fibrinous, 701 

serous, 701 

sympathetic, 354 

tuberculous, 191 

Vaccinola, 285 

clinical picture of, 285 

course of, 285 

pathogenesis of, 285 

prognosis of, 285 

treatment of, 286 
Varicella, 284 
Varices of the eyelids, 313 
Variola, 286 

Vasa vorticosa, 3, 514, 699 
Vascularization of the cornea, 35 

deep, 37 
Vascular tumors of the conjunctiva, 91 

eyelids, 313 
' orbit, 457 
Vein, central of the retina, 731 

thrombosis of the, 741 
Veins, orbital, in exophthalmic goitre, 466 

thrombosis of the, 445, 698 
Venae vorticosa, 3, 514, 699 
Venous plexus, Schlemm's, 482 
Ventricle, drainage of the, 728 
Vernal catarrh, 78 

clinical picture of, 79 

course of, 80 

differential diagnosis of, 80 
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Vernal catarrh, etiology of, 80 
pathology of, 80 

paving stone proliferations in, 79 
treatment of, 81 
Vertical strabismus, 550 
Vessels. &#* Blood vessels 
Vision, angle of, 775 
binocular act of, 538 
binocular single, 510 
determination of, 775 
distortion of, 732 
obscuration of, in glaucoma, 474 
senile cataract, 207 
Visual acuity, 771, 776 
Visual angle, 775 
centre, 665 
disturbances, 661 

in detachment of the retina, 663 
in retinitis, 732 
localization from, 662 
Visual field. See Field of vision 
purple, W0 
tract, 663 

course of the, 664 
lesions of, that impair vision, 662 
Vitiligo, 316 
Vitreous, 409 

abscess of the, 352 
anatomy of the, 409 
canal, 408 

exudates in the, 410 
fluid, 409 

foreign bodies in the, 412 
hemorrhages into the, 411 
juvenile, 411 
recurrent, 411 
Vitreous, index of the refraction of the, 772 
inflammatory opacities of the, 410 
lamella, colloid deposits on the, 751 
opacities of, in senile cataract, 411 

high myopia, 409 
parasites of the, 412 
synchisis scintillans of the, 410 
Torn Qrasfe's symptom, 467 



Warts on the eyelids, 314 
Wassermanu's reaction 186 

nature of, 187 

technique of, 189 
Weariness in reading, 515 
Weeping, 419 

Weiss' reflex curved line, 804 
White cilia, 290 
White spots in the retina, 745 
Whooping cough, 88, 714 
Wools, Holmgren's, &44 
Wound, aseptic, 345 

astigmatism caused bv a, 243 

infected, 347 

infection of the, after 
240 

reopening of the, after 
ract, 237 
Wounds, treatment of, 237 
Wrinkling of Descemet't membrane, 175 

Xanthelasma, 314 
Xeroderma pigmentosum, 316 
Xerophthalmus, 110 
Xerosis bacilli, 42 

of the conjunctiva, 142 
cornea, 144 

in facial paresis, 144 

in pemphigus, 145 

in trachoma, 110 
X-ray examination, 374 



Yellow discoloration of the lens, 250 
ointment, 141 



Zeiss' loupe, 15 

Zinc ichthyol ointment, 55 

soaoiodolate, 54 

sulphate, 54 
Ztaa'# circular arterial plexus, 710 
Zonule of Ziuu. 23 
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